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ESSAY ON A FUNDAMENTAL LAW OF LIFE 


THE TIME-FACTOR (RELATIVITY) IN BIOLOGICAL 
PHENOMENA 


BY E. R. N. GRIGG 
Kankakee, Illinois 


modern discourse on the essence of life (i. e., what it is), particu- 
larly when reinforced with teleologie phraseology (7. е., why it 
is as it is), can be more elaborate than a similar composition of antique 
vintage. It can also be more technical, by virtue of advances in bio- 
chemistry, but it cannot disguise our lack of knowledge in the matter. 
This unrewarding subject will be avoided in the following text, and 
the principle hereinafter considered pertains to the rules which shape 
the process of life (i. e., how it evolves). 


PROLEGOMENON 


An ancient problem is the identification of life. The solution seems 
rather obvious in most instances yet the various signs proposed, be it 
the single Epicurean ‘life is motion? or the plural Aristotelian * food 
intake, growth, and withering, reveal shortcomings in some aspect of 
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life, e. g., the latency stage of seeds. Even quite recently established 
criteria of vitality fail when applied to the borderline case of crystalline 
virus proteins. 

One way to recognize a living organism could be the evaluation of 
its response to external influences, a phenomenon with both intrinsic 
and extrinsic circumstances. This implies an eclectic approach, for in 
the past the widely accepted dogma of a vital principle required a 
predominantly intrinsic orientation. ‘The importance of ecologic factors, 
acknowledged at least since Hippocrates, has received. proper emphasis 
only after mechanistic interpretations began 10 crowd the extrinsic 
horizon. 

Tho first mention of irrifabilifas of living tissues (vizs. imbued with 
vital spirits) ean be found in Glisson (161%). Hallers famous experi- 
s and sensibility of nerves, 


mental series on the contractility of musel 
the theoretic elucubrations of the Brunonians, and the changing philo- 
sophical trend bridge the gap to Spencer's generalization that life is 
the adjustment of internal to external relations. Claude Bernard's 
milieu intérieur and Cannons homeostasis are among the better known 
contributions to this idea of delicate equilibrium., maintained despite 


(or perhaps because of) constant disturbances. 


FORMULATION 
Since adaptation is but one of several possible responses, the range 
ought to be extended to make the principle all-inclusive: life has (or 
could even be defined tautologically as) (he tendency to eliminate the 
influence of environmental and internal agencies. This is visually demon- 


strated during the microscopie examination of the reactions of Daphnia 
magna and other transparent animals to physical and chemical stimuli, 
produced as micromovies by Viehoever (740). Adaptation to the environ- 
ment and struggle for existence (perhaps with extermination of some 
external ‘ agencies’), as described by Darwin, cover many aspects of this 
fundamental law of life which, in its larger meaning, applies equally 
well to the economic axiom of supply and demand, to drug addiction, 
and to man’s strife for freedom. Whether successful or not, the elimina- 
tion tendency persists to the last, even during starvation, trauma, or 
disease. 

The act of elimination, or circumstances incident to it. may actually 
constitute another influence, causing one or more additional (secondary ) 
elimination responses, included in, or superimposed upon. the initial 
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reaction. Moreover, two or more external influences may appear within 
short interval (cf. ‘interference of excitation’ in Verworn, 712, and 
‘conflicting stimuli? in Rashevsky, 51). The frequent occurrence in 
nature of such multiple events explains the intricacies and apparent 
contradictions of life phenomena. 

According to the ‘law of continuity ' of Leibniz, natural occurrences 
proceed gradually; thus the elimination of either internal or environ- 
mental stress follows a smooth, logarithmic pathway. The influence 
predominates at first, until a critical point (climax) has been reached. 


MENTAL INFLUENCES. Its graphic expression resembles an aperiodically damped 
oscillatory motion (A), of which a simple formula is а = ate‘. The integrated 
values of A are plotted in B, their reciprocals in C. Examples of observed curves 
nre; A.—Elimination rate (or blood level) of ingested drugs: female fecundity 
by age groups. B.—Number of resistant Bacterial strains after antibiotie therapy ; 
relatión between visual acuity and illumination. C.—Activity of an enzyme 
subjected to x-radiation; tissue retention of ingested substances. 


Thereafter, the always longer second phase consists of a gradual return 
to the base line. A classical example is the response to excitation of 
striated muscle. This curve (fig. 1, A), known in mechanics as the 
aperiodically damped oscillatory motion, represents the speed of a 
pendulum, returning to its original position after a single swing, because, 
of the extreme (theoretical) viscosity of the surrounding medium. Tts 
simplest mathematical expression is 


т == ateFt, 
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A fast reached, high climax must be followed by a relatively earlier 
decline (fig. 4, i). After a less abrupt ascent, middle-of-the-road values 
will be maintained for a longer time (fig. 4. ii). Rapidly growing tissue 
cultures die long before slower developing ones. A similar relationship 
is noted between the effort rate required for sprint (i) and for marathon 
(ii), or between the torrentuous sentimental outburst of teenagers and 
the dignified affective stream of mature individuals. .\ double alternation 
of this type has also been shown to exist between urban and extraurban 
increase rates of the population in Japan (10, 41). In many cities 
tuberculosis mortality exhibited early spiking (i), but it also fell faster, 
and in many places its figures are now below those (11) of the surrounding 
rural areas (L/Eltore, 47). 

Integration of above mathematical function gives a sigmoid, growth, 
logistic, cumulative, summation, or saturation tracing (fig. 1, В). 
Plotting the reciprocals of the integrated values results in a landing 
airplane curve (fig. 1, C), often encountered in physics, €. 9.» expressing 
radioactive decay. 


EXEMPLIFICATION 


Patterns analogous to those in fig. 1, and their inverted (mirror) 
images (fig. 2) abound whenever graphic methods are applied to 
biometrics (MeCarrison and Madhava, 732), especially in physiology, 
pharmacology, and demography. Quoted for illustration are tissue 
recovery rates after x-radiation (Kingery, 20), the increase in height 
of an evergreen tree (Szolnoki, ?30), the incidence of decompression 
Sickness as a function of exposure time or temperature (Nims, 51), the 
assimilation speed of albumin by the liver, determined by tracing radio- 
sulphur tagged methionine in mice (Khesin, 54), and the tabulation by 
age groups of intellectual achievements of top grade individuals from 
various countries (Lehman, °БА.). 

Being man made, economic changes disclose similar developmental 
cycles. The seasonal fluctuations of certain prices, of the labor market. 
and of foreign trade volume resemble damped motion curves (fig. 1, А). 
while saturation tracings (fig. 1, В) describe secular trends in commodity 
prices, in coal and iron productions, and trade volumes with specified 
areas (Wagemann, '28). Extrapolative procedures can be adapted, both 
to short range market problems, and to the long range depression wave 
forecast, but the frequent overlapping of secondary response cycles causes 


a regrettable loss in accuracy. 
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Calculus has also been employed to predict the outeome of biological 
events, such as speed of wound cicatrization (Lecomte du Noüy, 719), 
future world population figures (Pearl and Reed, 20), and the length 
of survival of patients suffering from chronic incurable diseases Pire, 
'54).. Paired curves F (fig. 2) and B (fig. 1) may describe two aspects 
of one phenomenon, for instance, increase in height (F) and weight 
(B) of newborns, blood dissociation curves of carbon dioxide (F) ond 
oxygen (B), and distensibility of veins (F) and arteries (B). 


INVERTED (MIRROR) IMAGES ОЕ THE CURVES IN Fie. 1. Examples of 
D.—Death rate from accidental poisoning by age groups; 
respiratory quotient of excess metabolism caused by exercise, E.—Histamine 
effect on blood pressure in hypertensives; survival of protozoa exposed to high 
energy atomic particles. F.—Frequency response of sympathetic effectors; 


isometric muscle contraction. 


Fro. 2. 
observed tracings: 


These six curves (figs. 1 and 2) are caleulated paraphrases of damped 
motion. By inference, the exponential patterns which describe biological 
occurrences represent transcriptions of the underlying elimination of 
external or internal influences. Rising air temperature will affect skin 
temperature, heat loss, and vaporization, but the elimination effect is 
achieved, as the rectal temperature remains fairly stable (DuBois, 39), 
and almost identical curves have been obtained in hibernating animals 
(Chao and Yeh, 50). In practice the identification of the original 


influence is not always possible, partly for the distortion of observed 


tracings by the jnaccuracy of our measurements, and mainly because of 
Moreover, beyond experi- 


obscuring secondary elimination responses. 


mental confines, influences of constant strength may not be the rule. 
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THE ECOLOGICAL IMPETUS 


llowever pernicious, the environmental stress may exert a stimulating 
effect, in the same way in which a war awakens often unexpected 
potentialities in a nation. The biologie strength of a community is 
higher at the end of an epidemie episode of an infectious illness, ai 
which time the natural resistance of its population reaches a peak, after 
passive selection of the deceased and active immunization of the survivors. 
This remains statistically correct, even if in the case of scarlet fever 
some of those who survived may have acquired irreparable kidney 
disease. In certain chronic infections (syphilis, tuberculosis) major 
damage is done by the body’s response to antigenic influences. Under 
the circumstances, virulence of a microdrganism for a given host is 
proportional to the extent of reaction. A lessened response is a sign of 
resistance, while absence of response means immunity. The antigenic 
influence has been eliminated when the only reaction elicited by the 
former pathogen is that befitting a saprophyie, a presumption seemingly 
confirmed by the increasing proportion of tubereulin-negative reactors 
even among children heavily exposed to bacilliferous parents. ; 

The tracings of either morbidity or mortality during an epidemic 
vave resemble curve A (fig. 1). For infections with prot racted course. 
such as tuberculosis, secular figures. (Gottstein, *18) may be required 
to demonstrate the actual pattern. 


MORS JANUA VITAE 


The ultimate in environmental stress is increased mortality of indi- 
viduals up to and including the reproductive age. This challenge to 
survival is a prerequisite for the relative immortality of any species 
and, in a wider sense, for the perpetuation of life itself. The causality 
may seem heterodox by accepted standards, but only because many of 
the leading biologists haye discarded the Heraclitie concepts, and have 
sided with Plato for most of the last two millenia. Statistical results 
do not nec sarily apply to the individual, nor are they invalidated by 
small series, This is emphasized in the commonplace that what is good 
for the tribe could be evil for one of its members, and vice-versa. Con- 
ventional mechanic appear adequate at slow speeds, yet, in accordance 
with the thesis of Einstein (713), relativistic adjustments become neces- 
вату as soon as momentum has been gathered. Obviously, statie biology 
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applies well to individual cases, or even to linear segments of a given 
exponential elimination response. Conversely, a dynamic approach is 
required for the understanding of a long term cyclie phenomenon in a 
community or species. 

War losses are sharp natality boosters, spreading this effect often 
10 neutral territories, a fact reported in Switzerland (Jenny, 42). 
Psychological mechanisms may be involved, perhaps over endocrine 
channels. The existence of internal secretion responses to environmental 
stress has been proved by the pioneering research of Hans Selye. It 
should be more difficult to uncover the mechanism by which in wartime 
the usual surplus of male births is also increased, as if intended to 
prevent the prevalence of females in the general population. 

The record breaking civilian and military casualties of World War II 
have been compensated with compound interest in a few years of armis- 
tice, as revealed by mid-century censuses. These include most of the 
nations with major losses, such as Germany and Great Britain. In 
some countries (Finland, Italy, The Netherlands, U. S. А.) the total 
population number never decreased throughout the war years. In the 
post-war period, overpopulation caused concern not only in Japan 
(Okasaki, 52), it fostered neo-Malthusianistie efforts all over the world. 

The numeric increase of animal populations in their natural habitat 
follows the usual growth curve (fig. 1, B). 'The amount of food avail- 
able, or space limitations cannot completely explain the final leveling 
off, as similar trends are observed in laboratory bred generations of 
Drosophila melanogaster, and in bacterial and tissue eultures. Perhaps 
a valid comparison can be made with the growth of trees (Szolnoki, 30), 
weight inerease in mammals. which shows analogous varia- 


or with the 
tions. even under pathologie circumstances. 

Nonetheless, the levelling off may be j »tponed under certain con- 
ditions. At the height of the saturation tracing (maturity ?), a numeric 
(biologie) balance, however transitory, is established between added (born) 
and deducted (dead) unities. Any survival challenging disturbance, such 
as breaking off a piece of tissue culture, will elicit inereased mitotic 

1 Among the many attempts to introduce relativistic symbols in biologie 
metaphysies is the reproduction of а cuadridimensional * wheel of life’ (slightly 
resembling the Brahmanie version of the wheel) by Jakob (48), included with 
the statement that life is the fourth degree of the natural maturation of cosmic 
energy. A transformation of energy is also implied in the formula of Rulfo 
('51), based on Rashevsky's interpretation of an application of the Hamiltonian 


principle by Lotka. 
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activity, (rejuvenescenee 2), which often overcompensates um — 
lishes saturation at a higher level than before. In. the late 1930 " ме 
population of France һай reached шабаш at. about 40 pp war 
was on the verge of decline. The natality boom caused by me 
losses of 1941-45 has reversed the situation: in 1954, at over 43 millions. 
saturation was still way ahead. | E" 
Far from limiting overpopulation, war is today a bud an 
producing it. In the Middle Ages, mercenary forces еси 
bulk of every army. In those days low living standards, high La ü E 
mortality, epidemics, floods, and famines were backing — g by 
introduction of national armies in modern times has been d 
a sharper increase in world population. Should war be ШЫДА tal 
the earth, a saturation point in its population could probably һе rea е 
in а not too distant future. The desirability of such a levelling n 
a matter which, just like ethics, changes with time. place, and polities. 
and is therefore beyond the scope of this paper. dividuals 
Theoretically, the indirect fertilizing value of deceased inc mor 
varies with their age at death. High at birth, it falls off ты ihe 
and reaches insignificant levels shortly after the average sei d Ss 
reproductive period. Since the initial peak is actually аў сопсер For 
interrupted pregnancies should promote the natality increase. id 
practical purposes, it suffices to distinguish between infantile and m 
mortality. The former causes an immediate increase in natality vs 
while in the latter a lag period will be interposed, to replenish gue cit 
of the reproductive age group. Haunting regulations, aimed to pres 
wild life, follow identical reasonings. . je out 
Fulminating disasters of geologic or cosmic origin could wip dee 
the life on an island, on a continent, perhaps on the entire planet. d 
of eradication, catastrophic death rates, such as those obtained “= hs 
certain insecticidal and germicidal procedures, result only in ones 
tion of the lag period, with ultimate restoration. Strains resistant 2 
D. D. T., or to antibioties, have emerged as a proof of life's consisten 
tendency to eliminate any disturbing influence. In man, on à smaller 
scale, a similar instance was the survival (and revival ?) of the dence 
Indians. So far, no war has come anywhere close to causing catastrophic 
death rates of world-wide magnitude, but improved thermonuclear 
devices might lead to such an accomplishment in the future. It is safe 


to assume that even then the human race will emerge from the cinders; 
although the lag period could be lengthy. 
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Civilization has reduced infantile death rates in many countries, 
leading to a decrease in natality, quite evident in the interval between 
wars, even if the interpretations vary from one author to another. The 
gruesome ritual sacrifice of children and virgins by primitive peoples, 
intended to foster fertility, may have an empirical rather than a meta- 
physical rationale. This observation should not be misinterpreted as 
condoning or advocating death by war or in any other way. The notions 
of good and bad are alien to nature, they had to be ereated by man. 
Newborn bear eubs are sometimes devoured by their father, and this 
occurrence is not uncommon among other animals. Whether civilized or 
savage, kin or no kin, a big fish will prey upon little fishes. And yet, 
the naturalists who first reported these obvious facts have been accused 
of the intention to recommend similar procedures for human beings. 
Man is part of the natural world and, even if the evidence is unpalat- 
able or may mean a painful readjustment of his beliefs, he must go 
on searching for knowledge, for without his curiosity he would be nothing 


(Adrian, 54). 


THE CHANGING TIDE OF DEMOGRAPHIC DEVELOPMENT 


During the life cycle of a nation, its population figures follow the 
ascending pathway of a sigmoid curve, continued with the latter's 
inverted image (fig. 3). The growth begins with slowly rising numbers: 
ihis is the above mentioned lag, found also in bacterial, tissue, and 
protozoa cultures. The change to the second period, a steep slope of 
exponential multiplication, often coincides with, or perhaps causes, 
historical changes such as the American Revolution. (The biological 
background of military and political events is seldom recognized, even 
in retrospect.) At maturity, with a stationary population, the tracing 
enters a horizontal, saturation phase. Yet, there is no true stationary 
phenomenon in life. The threshold is due to prolongation of the indi- 
vidual life span, which maintains an apparent stability of the total 
population number, despite a dwindling natality. Death is bound to 
come, and when the accumulated surplus of old age groups becomes 


part of the mortality statisties, there is a sharp falling off, the stage of 
decay. 

The last portion of the curve (broken segment of the population 
tracing in fig. 3) straggles toward a virtual parallel with the base line, 
as seen in the vitality decay of Uroleptus mobilis in isolation cultures 
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(Calkins, 33). In the case of a nation, a slow end is seldom. if ever, 
seen. As in the fall of the Roman Empire. long before the theoretical 
finish, demographically younger population groups take over, biologically 
or otherwise. Each of the newborn nations continues its own pathway 
on a similar cycle, but the start is not at the base line: it is at the 
point to which the ethnological mixture has set it back on the biological 
clock (as usual, most important for common mortals is the relative. 
not the absolute time). 


س 


| Population 


| 2 Phases 3 4 

Fig. 3. THEORETICAL POPULATION CURVE DURING THE Lire CYCLE OF A NATION: 
The four phases can be duplicated in the laboratory with bacterial, protozot, 
or tissue cultures: lag, exponential multiplication, saturation, and decay. The 
end is often abrupt, as the aging population is incorporated by its neighbors. 
The resulting newborn nation(s) will continue a similar development from а 
Starting point (rejuvenation or reversal of the biologie clock) determined by 
the degree of racial intermingling. With advaneing biologie time, there is n 
decrease of infectious diseases (аз well as of natality, and of general and infantile 
mortality), and an increase of neoplasms (and also of other degenerative diseases, 
of the individual size, and of longevity). The maturation point of population 
growth may be reached earlier if the death rate declines ahead of time (civiliza- 
tion), or it may be delayed by 


А . added mortality (war ?) with consequent inerease 
in natality and infectious dises 


ises, and decrease of neoplasms. 


А composite curve, resembling the population tracing in fig. 3, is 
often encountered in nature, е. 9-, the pressor response of the heart rate. 
The excitation state during coitus evolves in a similar fashion (Van de 
Velde, 26), the асте (orgasm) corresponding to the saturation phase. 
In the male, regardless of duration of the lag 


Н 3 А period, the summation 
time preceding the acme is shorter 


(steep ascent), consequently the 
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defervescence stage ends faster than in the female (Rohleder, 211). 
Analogous differences in speed and reaction time exist between the 
adrenergic and the cholinergic responses of the neuro-vegetative system. 
This serves to emphasize that the pendular aspects of the various dualistic 
systems in nature, such as the concept of Yin and Yang in ancient 
Chinese medical lore, reveal an asymmetry which can be explained by 
the inherent features of the respective reaction curves. Fewer females 
are born, but they live longer (cf. the concept of Geschlechtsstréme in 


Frag. 4. MASCULINE AND FEMININE TRAcINGS. The numeric values, replacing 
a (height) and В (slope) in the basic formula, determine the shape of the 
curve, The two extremes, in the simple form (i, ii), or transposed into composite 
tracings (iii, iv), represent contrasting entities, Gide ОШ (i, iii) and chronic 
(ii, iv) diseases, animals (i, iii) and vegetables (ii, iv), even abstract notions, 
iii) and organie (ii, iv). It seems that also symbolically 


such as functional (i, ' 
pendular but asymmetric) of the male 


life is built on the dualistic system ( 
(i, iii) and female (ii, iv) principles. 


Rauber, 200), and prevail numerically in aging populations. The surplus 
of males in younger communities is preserved, despite war losses (in 
ation), as shown already by Graunt (1676). These and 
other dissimilar findings in the two sexes, somatie and psychologic, in 
health and disease, can be traced back to the masculine and feminine 
types of response to disturbing influences (fig. 4). They are substan- 
tialized in the different numerical values given to ж (magnitude of 
and В (steepness of slope) in the male and female curves 


part by migr 


response) 
calculated from the basic formula. 
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CONSEQUENCES OF THE DEMOGRAPHIC EVOLUTION 


Among the numerically important causes of natural pham 
tious and neoplastic diseases. Their respective Frequency EES x i 
the life evcle of a nation (ig. 3). The observed decline of "n 1 ~ 
pathogenicity is not entirely the result of public health — : 
the past, pandemies such as leprosy, and repeated age fs dentine 
typhus, cholera. and plague have receded spontaneously. - ; "a 
is difficult to evaluate when considering recent figures, becaus ied to 
intensive sanitary activity, which in civilized nations has succece e bs 
reduce, or practically to eradicate, certain diseases, such as the m 
dreaded Yellow Fever, Nevertheless, some logical deductions can $ 
be made, 

In the case of diphtheria, not too many authors believe Minh к 
Serum was the cause of the last half century’s drop in perite 
furthermore, vaccination with anatoxine did not prevent the ы Pes 
recent epidemics (Morton, 41; Merkel, 51). ‘The PEON اي‎ i 
expressed that incomplete vaccination accounts for the outbreaks : a 
this can be accepted, what is left to account for the overall ae 
diphtheric morbidity and mortality? In Finland treatment with 2 
phonamides and penicillin has had little or no effect on the сенати 
of pneumonia, which had started to fall much earlier. (Peltola, w^ 
Likewise, tuberculosis figures began to come down many decades, E 
some places even centuries, before the introduction of isolation — 
(today still incomplete). In fact, in all three instances the Se 
slowed down as the curve approached the base line. This is inheren _ 
its exponential function and must not be misinterpreted as the contra 
selective result of hygienic and medical techniques. m 

Nicolle (°30) has pointed out that epidemie outbreaks can 
explained by a sudden increase in microbial virulence, due to spontaneous 
mutations ; conversely, the virulence cannot decrease in the same hus 
because it is unlikely for identical mutations to appear simultaneously 
in astronomie numbers of bacteria; the lowering of infectious morbidity 
and mortality can be explained by the natural selection of those with 
either innate or acquired resistance, One should again realize that 
values may be reversed at the individual level: at times, antidiphtheri¢ 
serum effects startling recoveries in desperate cases; the lifesaving use- 
fulness of penicillin needs no reminder; and newborns must be separated 
from mother who have active pulmonary tuberculosis (fig. 5). 
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The increasing incidence of neoplastic diseases (fig. 3) is only in 
part an expression of changing age distribution with preponderance of 
the older groups. Other degenerative conditions (baldness, tooth decay, 
refraction defects) and certain nosologie groups (metabolic, endocrine, 
allergic) are also on the increase, which suggests the possibility of biologic 
deterioration of the germinative cells. Old infusoria cultures reveal how 
repeated mitoses in a cell series result in monster formation from incom- 
plete division, and in other degenerative changes, both in nucleus and 


protoplasma. 


200 А 
—- Pneumonia 


a 
© 


SULFA DRUGS 
100 Se | PENICILLIN 


* { STREPTOMYCIN 


Deaths per 100,000 population 


30 40 


1900 10 20 


CECTIONS AND NEOPLASTIC MORTALITY IN New YORK STATE. The 
have been drawn from live-year interval data supplied courteously by the 
Biostatistical Office of the Health Department of the State of New York. The 
advent of three * wonder-drugs" is marked with arrows. For individual cases, 
these three drugs have delayed the fatal issue (lifesaving is a poetical misnomer 
with a prosaically provisional connotation: we must all die some day) more often 
than all the other antibioties combined. Still, when viewed through the widened 
rge figures, & comparison is permissible with La Fontaine’s fable 
hich helped to pull the carriage by waving its wings while 


tracing: 


perspective of la 
of the horsefly w 


hanging on to the horse’s neck. 


Infectious diseases prevail among younger age groups, and as such 
are a threat to survival, which is of help in maintaining high natality 
figures, but it also elicits a response tending to eliminate these ailments. 
Neoplastic diseases affect mostly older people, and therefore do not 
challenge the survival of a population; on the contrary, their increase 
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coincides with a prolonged life span. Actually, the population's fertility 
should benetit (indirectly) from fatal malignancies appearing before 
the end of the reproductive period, but this influence is small, because 
of the relative rarity of tumors in younger individuals with consequently 
minimal total loss in reproductive man-years. On the other hand, when 
in certain infectious diseases, during the last stages of their epidemio- 
logie cycle, the resistance of the younger generations causes a shift 
toward older groups, this results in a commensurate decrease in the 
effect of these particular ailments on natality. 

Diagnostic incongruities in the past, and the prolonged life span 
of the present were assumed to account for, but cannot fully explain, 
the mounting neoplastic morbidity. In Austria, a physician-coroner's 
inquest is compulsory for every death certificate, adding considerably 


to the accuracy of mortality statistics: as their death rate from malignant 
years, а Con- 


blastomata has remained fairly stable for the last 2 
comitantly sharp rise in the total neoplastic mortality was interpreted 
as a proof that cancer does increase independently of age distribution 
(Puntigam, 47). This is also borne out by age-adjusted cancer death 
rates for the United States: SO per 100,000 in 1900, 97 in 1910, 105 
in 1920, 113 in 1930, and 120 in 1940 (Moriyama and Gover, '48). 
The figures are still rising: they were close to 125 in 1950. 

Actually, within a nation, various geographical subdivisions, cities, 
even minority groups folllow their own life cycles, similar to that of 
the entire nation, but not necessarily coincidental, There are propor- 
tionally more infectious and less neoplastic diseases in the rural popula- 
tion than among city dwellers. A recent study by the Bureau of Ethnic 
Research of the University of Arizona revealed that Arizona Indians 
are comparatively (1) more liable to die of infectious diseases, and 
(2) less susceptible to ‘constitutional’ ailments (neoplastic, allergic, 
metabolic, endocrine, circulatory), while (3) their elevated natality 
causes a steady 1-2% annual increase in their total number, despite (ог 
shall we say, because) of a high general, and especially infantile, 
mortality. ` 


A sizable source of etiological speculation was the undeniable fact 
that in mental hospitals the incidence of tuberculosis appears higher, 
the life span shorter, and the proportion of neoplasms lower than in 
the communities of origin of the respective institutional populations 
(Grigg, 755). Statistical comparison shows that the overall rates in 
mental patients trail the national average by 10-20 years, as if the 


ESSAY ON A FUNDAMENTAL LAW OF LIFE 15 


psychotic condition could reverse the biologie clock, a supposition 
enhanced by the alleged high potential fertility of mental patients. 
According to Lamont (48), in South African mental institutions the 
"Cape Coloureds” (a heterogenous ethnic group, mainly of Hottentot 
and Bantu origin, with both Asiatic and European inflexions) die more 
often of tuberculosis than patients of pure European descent; even when 
tuberculosis is exeluded, the white chronic schizophrenic tends to live 
longer. Racial differences in the degree of neoplastic malignancy were 
also revealed by the calculations of Greenwood (726), based on Janet 
Lane-Claypon's statistical material assembled in the general population. 

Whatever the interpretations oifered, it is undoubtedly true that 
there are no basic, standard, average, or otherwise stable morbidity or 
mortality rates of either infeclious or degenerative (including neoplastic) 
diseases, ‘The continuous changes observed are the consequence of 
advancing biologie age, while rate diiferences between two or more racial 
or goorraphic groups аге in fact phase differences. 

Lifes ultimate goal is complete elimination of all disturbing 
influences, particularly of the environmental stress, yet if and when 
achieved, it leads to the death of the respective biologie group. Disappear- 
aceous dinosaurs, the most powerful and 
elaborate creatures of their time, was probably due to failing reproduc- 
tion, but minuscule lizards are still available to impersonate their bygone 
kinship in the magnifying perspective of movie cameras. When a group 
advances in biologic age, its individuals increase in size, but decrease in 
fertility, viz., the difference between Scandinavians and Mediterraneans. 
Similar discrepancies may be noted between urban and rural areas and, 
moreover, since purity of race or clan can substitute for its age, between 
the inbred patriciate and the intermixing plebe. Large mortality rates 
of ‘traumatic? origin can maintain a short stature and high natality 

time (Jews, Chinese). Maybe civilization, by 
ard and lowering the death rate, accelerates the 
Suits of armor in museums are too small for 
the average man of today. Berths on sleeping cars have been lengthened 
by half a foot in the past eighty years. Skeletons of the extinct Cro- 
Magnon race, the most civilized in prehistoric times, are often from 
oversized individuals. It might be of interest to determine proportionally 
the procreative contribution of the tall, * career-girl? type of woman. 


ance of the gigantic Cret 


over long periods of 


n 
biological aging process. 


sing the life stand 
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at all. The debased leprosy, and the more recent withering of the 
tuberculous pandemy are also arguments in favor of Sydenham’s allegorie 
representation of infectious diseases as falling empires. The tumors 
follow the opposite path, and study of their natural history at different 
times and places should reveal a progressive increase in the degree of 
malienaney (with shift toward younger age groups?) as well as a pro- 
year survival rate in untreated cases. 


portional reduction of the five- 

Lecomte du Noüy (736) discussed "biological time’ as related to 
the aging process of the individual (wounds heal faster in children), 
and mentioned brietly a temps de l'espèce. The idea of pathologic changes 
related to advancing time was applied by Grote (48) to the phasie 
phenomena, of which there are many examples in medicine. Actually, 
the concept must be extended until today’s prevailing postulate of the 
of diseases shall appear as absurd as the fixity of species. Com- 


fixit 
of either infectious or 


parison at face value of treatment statistics 
neoplastic diseases is a fallacy, unless due consideration is given to the 
This is one of the 


biologic age of the respective demographic groups. 
main reasons why results of anim: il experimentation do not have to apply 
in man, Further generalization will emphasize the continuous change 
in relation to time as an essential feature of life phenomena. Even the 
converging, diverging, and interfering cycles which constitute the bio- 

a gigantic maze, expanding 


cosmos could be imagined in the form of 
damped pathway toward 


spherically as it floats with poise along a 
infinity. 
ADDENDUM 


"homas Huxley expressed the warning that it is the customary fate 
new truths to start out as heresies and to end up as superstitions. 


of 
is of this paper may he opposed, 


In the beginning, the theoretical bas 
mainly by those who employ wishful thinking in their search for finality 


in nature. At some later date, the fundamental law of life will probably 
he eyaluated from the viewpoint of obtaining “ desirable? changes, a 
ta-k both delicate and unrewarding. Considering our microcosmic limita- 
tions, the ultimate in wisdom calls perhaps for acceptance of the 
macrocosm as it is, trying to change less, and to understand more of 
the Dark Philosopher's harmonious, universal reason, the logos. And 
maybe the fire w hich he regarded as the world’s basic element is actually 
the symbol of life, ever changing in the constantly flowing nature of 


things. for undoubtedly тарта fet. 
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THE ABO BLOOD GROUPS AND THE SEX RATIO 


BY BERNICE H. COHEN ^ Ах» BENTLEY GLASS 


The Johus Hopkins University, Baltimore 


TAROM the Biblical peoples who sought by divine aid to boget sons 
rather than daughters and from the primitive societies which have 
tried to control their populations by female infanticide, to those 20th 
century biologists who have been investigating the etiology of ihe ae 
portions of males to females, interest in the sex ratio has been шу 
In the course of time, comprehension has proceeded from the spiritua 
to the practical realm and back to the no less mysterious laws of proba- 
bility—that there is slightly better than a 50/50 chance that the Y- 
bearing spermatozoon will outdistance the N-bearing one. . 
It is well established that less than fifty girls are born for dicil 
fifty boys (Ciocco, ^38: )ernstein, 751, 752, ^53; Jalavisto, “52a, hi 
Lienhart, 552: el al). Actual estimates of the excess of males among 
live births vary for different populations and conditions: from low 
estimates of 103 and 101:100 for Salvador and Japan respectively to 
а high of 113-140:100 in Grevee and Korea, 1921-1929 inclusive 
(Russell, 36). In the U.S. Birth Registration Area -- 105-106: 100 
was reported for 1917-1934 (Ciocco, 738) ; and “in 1916-4 cases collected 
from Finnish and Swedish published f 
normal male birth rate, 107: 100, 
higher sex ratio 


amily history records,” a fairly 
for the nobility and “a considerably 
: 100, for middle class families (Jalavisto. 52b). 
Moreover, the primary sex ratio at conception [| males / (males -+ females) 


times 100] is not necessarily the same as the sex ratio at birth (Сіоесо, 
788; Tietze. 248; Bernstein, 251. 


5 зе Jd ivt hs 
54: Dahlberg, 51). More stillbirtl 

and more spontaneous abortions are thoi 
among females, particularly 


ight to occur among males than 

at certain stages of gestation. (MeKeown 
52a), although the study of Tielze (48) calls 
this conclusion in question. Пе obtained a sex ratio of 107.9: 100 1n 


and Lowe, 51; Jalavist 


* Publie Health Service Research Fellow of the National Heart Institute. 
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а study of 215] embryos and 


pregnancy. 


Within recent years there l 


fetuses of the 3rd to Tih months of 


rave been many reports in regard to the 


influence, or lack of influence, of numerous factors on the sex ratio: 


Birth order 
Family size 


Sex of first-born 


Maternal age 


Paternal age 


Relative ages of father and mother 

Ancestral longevity 

Action of genes through the endo- 
erine system 

Physique and temperament 

Physiological and biochemical fae- 
tors (mice) 

Artificial insemination 

Frequency of intercourse 

Time of conception during men- 
strual cycle 

Seasonal and monthly variation 

Geographical and climatie condi- 
tions 

Mlegitimacy 

Race and color 

Parental occupation 

Social status and socio-economic 
conditions 

Urban-rural and other differences 


War and post-war periods 


One of the most provoca 


by Sanghvi. It indicated a се 


group constitution of mothers 


but left the possible cause О 


tive reports 
rtain relation between 
and offspring and the sex ratio at birth 


f such blood-group/se x-ratio 


(Russell, 36; Ciovco, 
Martin, 43: MaeMahon and Pugh, 753) 


38; Lawrence, 741: 


(Russell, 36; Lawrence, 41; Thomas, tals 
Jalavisto, '52b) 

(Lancaster, '50) 

(Martin, 43: Lowe and McKeown, "50; 
Jalavisto, a, b: Takahashi, 5 


54a, b: 
Bernstein, 53: Nov i 


ki, 53: Myers, 54) 

(Jalavisto, 56b: Bernstein, 53; Novitski, 
53) 

(Ciocco, 38:; Lawrence, 41; Bernstein, '53) 

(Lawrence, "41; Jalavisto, '52b) 


( Bernstein, 51) 


(Heath, '54) 
(Weir, 53) 


52b) 


(Jalavisto, 52b) 
(Lawrence, 41: Jalavisto, 52b) 


(Jalavisto, 


(Russell, '36: Ciocco, '38; Takahashi, '52) 


(Ciocco, '38) 


(Ciocco, `38) 

(Ciocco, `38) 

(Bernstein, ‘al, 04) 

(Russell, 36: Ciocco, "38; Lawrence, 41; 
Martin, 43: Bernstein, 53, 54) 

(Russell, 36: Ciocco, 38) 

(Russell, 36: Myers, 49: MaeMahon and 


Pugh, 753, 754) 


of any was published in 1951 
the ABO blood- 


correlation 


fa تتت‎ 


| | 


—- 


—À 
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obscure. Maternal isoimimunization is here ruled out because the а зна 
differences occurred in combinations where mother and infant ^ 
of identical blood groups, such as AJA; and no data have ever рч 
any linkage between the autosomal ABO blood-group factars anc 2 е 
X-Y chromosomes (see Sanghvi, 51; Johnstone, 51). Yet the marker 
similarity between Sanghvi's two independent samples of widely штар 
populations, taken respectively in New York and HA, 18. WBF 
striking. These results, together with the suggestive findings of W ater- 
house and Hogben (47) concerning the ditferential fertility of re- 
ciprocal matings, particularly AX O compared with O X А. met " 
Allan (752) concerning fertility differences in mothers and fathers 0 
different blood groups, have led us to undertake a further investigation 
of those problems on some Daltimore population. samples. Meanwhile, 
Johnstone (54) has published a study, similar to that of Sanghvi, upon 
a West London population. In the present paper, which will be id 
cerned primarily with the relation of the sex ralio to parental an 
blood groups, the Baltimore data will be presented in detail, will pem 
be compared with the data reported by Sanghvi and by Johnstone, ant 


jf a я à k 8 sample 
will finally be combined with the other series to form a pooled sam] 
wherein statistical variability 


is lessened. Further studies on the differ- 
ential fertility r 


- : A ayia ' the 
ates of various mating types, and a comparison of 
Daltimore data with the findings of W 


aterhouse and Hogben and of 
Allan, will be presented elsewhere. 


SOURCE OF MATERIAL 
The original data were take 
Typing Laboratory for the ye 


Separate series were tabulated. 
negative non-se 


n from the records of the Baltimore Rh 
ars 1947 through 1953, inclusive. TWO 
The first (Balto. Rh) consists of Rh- 

married to Rh-positive men. Every 
history in the « non-sensitized” files was utilized if it specified the. 
АВО blood group of the mother and the blood group and sex of one 


or more children, provided that there was no contradiction or inexplicable 
discrepancy in the record (such as AB 
discrepancy between r 


nsitized women 


iced nds to cause a higher rate 
of stillbirths and neonatal deaths, In view of the possibility, already 
mentioned, that there may be a sex differential in pregnancy wastage, 
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and because this might apply to losses due to Rh incompatibility as well 
as to other causes, any influence of the ABO blood groups on the sex 
ratio of the offspring might be distorted or masked by Rh hemolytic 
disease. 

The second series (Balto. Pat.) consists of cases of mothers and 
offspring typed in connection with disputed paternity suits at law. 
'lhese were of mixed Rh types, and thus serve as а control series for 
ets the ABO groups of the larger 


checking the randomness às respe 
In this series no male parents were 


Rh-negative non-sensitized series. 
included. 

METHODS 
(Rh and Pat.) there were families in which 
e sex and blood groups of more 
hese families were consequently 


In both Baltimore series 
the blood group of the mother and th 
than one offspring were available. 'T 
tabulated in two different ways: (1) аз multiple determinations per 
family (table 3). each olfspring being used in a separate parent-offspring 
combination; and (2) as a single determination per family (table 3), in 
which ease only the oldest child of known sex and blood group (not 
necessarily the oldest child in the family) was used to represent the 
family. Selection of the oldest child was made because of the greater 
reliability for blood typing of venous blood samples than of cord blood 
from newborn infants; and also in order to eliminate possible errors 
due to postponed development of the blood type. as reported to oceur 
in the case of the group A antigen. 

The two Baltimore samples (Rh and Pat.) are tabulated separately, 
and so are the data from single and multiple determinations per family 
within each series. Inasmuch as the comparison of these series revealed 
no significant statistical differences between the Rh and the Paternity 
series, either according to single (xia? = 18.81; 50 >Р > .30) or 
multiple (хы?== 17.285 30 > P > .20) determinations per family, the 
Rh and Paternity series have been combined in a Pooled Single Series 


and a Pooled Multiple Series. 
In addition to the large pooled samples (Balto. Pooled Mult., B-8-J), 


esented independently in order to demonstrate that the 
deviations are not a function of the method of sampling. From inspec- 
tion of the separate camples, it is apparent that the results are not 
influenced by an ABO-Rh interaction, as has been suggested for iso- 
immunization (Levine, 43; Fisher, 44; Race and Sanger, ’50; Mollison, 


each series is pr 
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Mourant, and Race, 52: Heistó, 52). In the Balto. Pat. series and the 


Johnstone series, both of which are e imposed of mixed Rh types, similar 


deviations appear as in the Balto. iih series vomposed of Rh-negative 
non-sensitized mothers and Kth-positive fathers exclusively. It is like- 
wise apparent that the results are not influenced by any selective action 
against infants of certain ABO blood groups in the early years of life 
ах opposed to a prenatal effect; an hypothesis that might be suggested 
by the autopsy studies of Struthers (51). For, while the Baltimore 
samples included offspring irrespective of age (including about 50% of 
cord bloods), three other samples included newborn infants only. Both 
Sanghvi series—Bombay and New York—used cord bloods, and John- 
stone in his West London series utilized * tube techniques on all mothers 
delivered in the maternity department of West. Middlesex Hospital... 
[throughout the year 1950]." Not only do all the samples show the 
same major trends independently but cell by cell they are not significantly 
different from one another (see the x* values for the differences between 
series making up pooled samples, pp 23, 28, 30, 31). 

For the sake of simplicity in tabulation and reference, the sex ratio 
is indicated in the form of the percentage of males among all tabulated 
offspring, rather than as the number of males per 100 females, In all 
the following tables, wherever matings are designated, the blood group 
of the female parent stands first, and the male follows. Although this 
Violates what has become a convention in referring to human matings. 
it accords with the practice of geneticists who work with other species 
of plants or animals, and there seems to be no good reason for those 
who are discussing human genetics to deviate from common practice 
and thereby introduce inconvenience if not confusion. 

Pos wn LA а ик of proportions, the chi square X was 
Gh LS 6 " чел reliable and the most practical (( йа. 
ates, 753). We have utilized a somewhat different 
re tt ag oe ang cu 
/ spring blood group combinations with 0/0, and 
vation.” It appears better to base the ) eoe gii E Sad ad 
and then, by partitioning x, to determines, ve Mas енесин yam 
most significantly to the ана W ag leecher nage s 
". We wil also compare (1) the sex 


ratios in the total offspring of parents of each of {һе four blood groups; 
(2) the sex ratios among total O, A, B, a i 


disregarding the parental blood group: a 


also with B/B, as being combinatio 
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complete series of parent-olfspring combinations of matched blood 
groups, riz. OOO, AAS ВВ. and AB AB. The third of these com- 
parisons would be that in which the least extraneous interaction, such 
as that producible by isoimmunization, would be expected to occur. 


SUBJECTS 


When multiple ascertainment was used, there were 3577 mother- 
offspring combinations in the Nh series and 961 in the Paternity series. 
The two Baltimore series combined thus virtually equal in sample size 
the three combined series of Sanghvi (Bombay; New York) and John- 
stone (London), previously reported. In the Baltimore Rh series 3037 
individual families were represented : in the Paternity series, 900 mothers. 
From the Rh series alone came the 2827 father-offspring combinations 
(table 1) and the 2295 mating combinations (table 5). 

Both Rh and Paternity samples comprised mixed racial groups. 
Gnly White and. Negro classifications were available from the records ; 
the few Mongoloids present were probably included with the Whites. 
The Rh series was 86.896 White, whereas the Paternity series contained 
only 25.060 of Whites. When pooled, the two series were approximately 
t4n White. Because the data of the Baltimore Rh Laboratory are used 
‘al purposes, more detailed information is collected 


primarily for obstetric 
Both age and race were indicated for 


‘or mothers than for fathers. 
2941 mothers of the Rh series; 
of the Paternity series. 

"he blood type distribution by race ( j | 
expected, a smaller proportion of A and a larger proportion of B among 


Negro mothers than among White mothers. The distribution appears 
1 sample of both White and Negro populations in 
castern United States, at least in urban areas of the Middle Atlantic 
States. The frequencies for the Negro population agree very well with 
those reported by Glass and Li (753) for a Baltimore Paternity series, 
although the present data given in table 1 are based. on the Rh series 
alone, The present frequencies for the Baltimore W hites likewise agree 
closely with those used by Glass and Li, which were derived from New 
York City (Tiber) and North Carolina (Snyder) (see references in 


Glass and Li, 752). 
From table 2 it may 
blood group oceurs in each 


race but no age was given for 767 mothers 


table 1) shows, as would be 


lo be a representative 


be observed that a similar proportion of each 
age group. The percentage of each blood group 
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within an age group falls within the confidence limits for the total 


individuals in that age group. with the exception of two cells containing 
very small numbers, There isa relatively small proportion of AB mothers 
in the 20-24 year-old age group, but this is not significantly different 


TABLE 1 


Blood Group Distribution of White and Negro Mothers of Baltimore Rh Series 


o А BR AB TOTAL 
ee * — — سدس‎ AL RN 
GLASS GLASS 
BALTO. ANDLI BALTO. ANDLI BALTO. ANDLI BALTO. 
Ecos di St ЖЕРД . E E NL ج‎ 
No. % No. % Ge Хо, % % Хо. % % 23 
White 1100 43.5 45.2 1048 41. 39.5 296 117 112 99 39 42 2552 
Negro 185 47.6 47.6 108 27.8 28.3 83 21.3 20.0 13 3.3 4.1 389 
Total 1294 1156 379 112 2941 


—À 


The frequencies of ABO blood types used by Glass and Li (53) and quoted um 
were derived from New York City and North Carolina Whites and Baltimore Paternity 
Series Negroes, and hence are different samples from the Baltimore Rh group of 
this study. 


TABLE 2 


Age Distribution of Mothers (Rh Series) According to Blood Group 


о А B Ab TOTAL 


AGE NO. % NO. % NO. % NO. % NO. LN 
«20 123 95 114 108 37 98 12 10.7 280 97218 
20-94 379 29.3 314 27.2 114 30.1 26 23.6 833 283-19 
25-99 431 33.4 360 319 118 311 36 32.1 954 324-515 
30-34 258 20.0 — 246 213 69 182 оз 905 596 203-17 
35 4. 103 80 їз оз а 108 15 134 272 92-18 
Total 1294 1156 379 112 2941 


from the largest proportion of 20-24 year-old mothers, the B mothers 
L value = 0.699; not Significant]. The other exception is to be found 
in the relatively large proportion of AB mothers over 35 years of аре. 
Again, this is not significantly different from the group of mothers, of 


group 0, yielding the smallest proportion past 35 years of age. Hence 
any possible bias due to the influence 


of maternal age upon the sex ratio 
is excluded. "e Mg 
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RESULTS 
The data and the statistical analyses given in tables 3 through 6 
are largely self-explanatory. Only a few pertinent facts need be brought 


out. 
TABLE 3a 


Ner Ratio and Mother-Offspring Blood Group Combinations 


MOTHERS 
OFFSPRING 

р % 
9 Balto. Pooled Single 1179 50.8 
Balto. Rh Multiple 1027 50.5 
Balto. Pat. Multiple 326 53.4 
Balto. Pooled Multiple 1353 51.3 
Sanghvi Bombay 261 60.5 
Sanghvi N. Y. 272 56.3 
Johnstone 755 50.9 
Pooled Balto.-Sanghvi John. 2842 52.5 


A Balto. Pooled Si 5 68 1493 49.2 
Balto, Rh Multi 51 1356 49.8 
Balto Pat. Multiple 20 299 46.2 
Balto. Pooled Multiple E тї 1055 49.1 
Sanghyi Bombay 49.8 35 389 49.9 
Sanghvi N. Y. 45.7 12 5 316 49.1 
Johnstone 499 20 1021 51.5 
Pooled B-8-4 483 144 5 3381 49.9 
B Balto, Pooled Single 39.2 282 56.9 60 61.7 562 54.1 
Balto. Rh Multiple 44.9 178 59.6 60 53.3 476 54.4 
Balto. Pat. Multiple 15.4 87 52.9 14 78.6 166 512 
Balto. Pooled Multiple í 2 40.2 265 57.4 74 58.1 642 53.6 
Sanghvi Bombay 7 48.0 215 57.7 43 58. 383 56.7 
Sanghvi М.Ү. H зї. 63.6 44 65.9 11 63.6 110 58.2 
Johnstone 72 54.2 47 61.7 81 54.3 30 43.3 230 544 
Pooled B-8-J 415 53.3 187 49.2 605 57.7 158 55.7 1365 54.9 
AB Balto. Pooled Single 53 4 1 
Balto. Rh Multiple 59 44. 
Balto. Pat. Multiple T 
Balto Pooled Multiple 66 
Sanghvi Bombay 46 i 
Sanghvi N.Y. 8 
Johnstone 36 i 
Pooled D-8-J 156 
Toran Balto. Pooled Single 528 5 
Balto. Rh Multiple 449 5 
Balto. Pat. Multiple 163 
Balto. Pooled Multiple 605 : 
Sanghvi Bombay 393 5 
Sanghvi N. Y. 4 106 
Johnstone 1103 51. 9 1043 51.3 207 55. 
Pooled B-S-J 4032 52.0 3431 49.5 1311 54.9 388 
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Mother-Offspring Combinations. In table 3 only the pooled totals of 
the Rh and Paternity series involving single ascertainment per family 
have been entered, inasmuch as the two series did not exhibit any 
significant differences. Although there are also no significant differences 
between them, the separate Rh and Paternity series involving multiple 
ascertainment per family are given, in order to permit the comparison 
of effects on the sex ratio in the two series with different proportions 
of Whites and Negroes, and with selected vs. unselected Rh types. Inas- 
much as the Pooled Single and Pooled Multiple series are not dissimilar 
(G57 0.61 P > 99), the latter has consistently been used for the 
comparisons with the series compiled by Sanghviand Johnstone. Further- 
more, the statistical analysis having shown that th: 


it Baltimore series 
does not differ significantly from the pooled. New 


York and Bombay 
series of Sanghvi or the London series of Johnstone, these have all been 
combined in one Pooled B-5-J Sample (xe? = 25-4 {; 502 P 50). 

In both Baltimore samples, Rh and paternity, by either multiple 
or single ascertainment per family, and in : 


agreement with апуга 
data, the total offspring of A mothers and the 


A offspring of all mothers 
exhibit a relatively low sex ratio, i. e. the proportion of males in cach 
case falls below 50%. Although in Johnstone's series the corresponding 
values exceed 50%, they are nevertheless below the total sex ratio for 
his series (51.9) and for the pooled Baltimore-Sanghvi-Johnstone data 
(51.8). In the pooled data there is a highly significant reduction in 
the sex ratio for the total offspring of A mothers (P almost 0.001) in 
comparison to B, AB, and O mothers; and there 15 1 
ж ratio among the A offspring of all mothers, in comparison to the 
D, AB, and О offspring of all mothers (P < 0.01). [An inconsistency 
ns seen in the faet that, whereas the mother-offspril 
rine e sex ratio for the total A offspring. the father- 
in the Rh multiple ا ا‎ cae ta = 1086 of the 1896 k «Пар 
со ea i inment series, did not.] Of {һе independent 
еы abies only the pooled Sanghvi series re 
statistical significance for these З еғененњ, 


ı significantly low 


Ta tabulation 


aches levels of 


e puri be expected from the low sex ratio of all offspring of A 
ners and the low sex ratio of the A offspring of all mothers, the A/A 


mother-offspring inati i i 
mis Sa е Е боло опа in particular show a consistently low sex 
parison with the other matched mother-offspring combina- 


tions (B/B, AB/AB, and O/O) ; and this i 
E B, and 0/0) ; 4 this is true not only of tl lti- 
more and Sanghvi series but also of Johnstone’s one “a "s 


л, 
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TABLE 3b 


ннат d чүү" ү 
atistical Analysis of Sex Ratio in Mother-Offspring Combinations 


I. Pooled Baltimore-Sanghvi 

Fs Sanghvi-Johnstone e 

Total and Partitioned x? Vélüés — PUES 
mm m 

(Motlier-off spring) X | D.F. PROBABILITY SIGNIFICANCE 
0/0 6310 } :50> рь .30 | 
0/4 1 905. p.80 
Ир 1 70>p>.50 
A : 1 95> p>.90 
ХБ 1 012 p.001 ин 
A я 1 50>р> .30 
а/а 1 10>р>.50 

} 2000 1 -10>p>.50 
B/A 3226 1 70> p>.50 
B/B 5.2908 1 01>р>.001 Man 
B/AB 2157 1 40»p».50 
AB/A 3907 1 70>p>.50 
AB/B 9430 1 50> p> .30 
АВ/АВ 38266 1 70>p>.50 
TOTAL = 23.0021 14—1 — 13 0.05 » p» 0.02 „ 


C 


ntegorieal x? Determinations on Pooled B- S.J and Independent Samples 


SAMPLE Pg PROBABILITY БІОХІРІСАХ 


1. 


Offspring of O, A, B, and AB Mothers 


Pooled B-S-J 1 + 0.01 > p» 0.001 тт 
Balto. Pooled Single 4.92 0.20>p>0.10 
0.61 0.10> p> 0.05 


Balto, Pooled Multiple 
Sanghvi (Pooled B N.YG 
Johnstone 

О, А, B, and AB Offspring (irrespe 
Pooled BSJ 10.62 
Balto. Pooled Single 
Balto. Pooled Multiple 


9.336 0.05 > p 2 0,02 
1.003 0.00 > p 2 0.80 
ctive of maternal blood type) 
1 0,02 > p> 0.01 е 
0.20 >p 2» 0.10 
1 0.30 > p » 0.20 
8.002 0,05 > p 2 0.02 


Sanghvi (Pooled B-N. Y.) 

Johnstone 1.065 O.70>p>0.50 

Mother-offspring Matching Combinations: 0/0, A/A, B/B and AB/AB 
19.455 p<0,001 ren 


Pooled B-8-J 
7.105 0.10» p » 0.05 


Balto, Pooled Single 
Balto, Pooled Multiple 10.068 0.02 > p » 0.01 E 
Sanghvi (Pooled P Ni Vind 11.270 0.02>p>0.01 ae 
‘Johnstone 0.950 — 0.002 p» 0.80 

4. 0/0 versus A/A Combinations (xi!) 
Pooled B- 8-7 8.897 0.012 p» 0.001 LI 
Balto, Pooled Single 1,886 0.20>p>0.10 
Balto. Pooled Multiple 3.671 0.10>p>0.05 Е 
Sanghvi Bombay 57 p<0.02 D 
Sanghvi N. Y. 4.93 р<0.05 ы 
Sanghvi Pooled 10.07 0.01 >р> 0.001 
Johnstone 0.178 0.70>p>0.50 i 


1 From Sanghvi's calculations. 


EE 


— 0.05 » p » 0.02 +++ — 01» p 0.001 
= 0.02» p» 0.01 s — р < 0.001. 
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pooled B-S-J totals show а highly significant difference in the sex ratio 
of the matched mother-offspring combinations (P less than 0.001): and 
even the Baltimore Pooled Multiple and Sanghvi Pooled series taken 
independently attain the 0.02 level of significance. 

Johnstone’s report of a high sex ratio in the total offspring. of B 
mothers is not only confirmed in Sanghvis two series, but also din the 
Baltimore Rh series, although it did not show Up in the Baltimore 
Paternity series. For the pooled Baltimore series. and also for the pooled 
B-S-J series, it considerably exceeded. the over-all sex ratio. by 284 
and 3.1%, respectively. Thus the high sex ratio among the offspring of 
B mothers, like the low sex ratio among offspring of A mothers, con- 
tributed to the high significance (P less than 0,01) of the difference in 
the sex ratio which is found to exist among the offspring of the 4 types 
of mothers in the pooled B-S—J sample. 

The AB mothers also exhibit a high sex ratio (55.2) among their 
total offspring. but the numbers of these, even in the pooled p-8s-J 
sample, are not large enough to indicate whether the difference is real 
or not. 

The B offspring of all classes of mothers exhibit a high sex ratio 
(54.9). This is primarily attributable to the B offspring of B mothers, 
and exists in spite of the low sex ratio of the B offspring of A mothers 
in the pooled B-S—J sample. Thus a study of the data summarized in 
table 3 indicates that the low sex ratio of all offspring of A mothers 
and of the A offspring of all mothers is chiefly attributable to the same 
GES namely, the low sex ratio of the A offspring of A mothers. 
Similarly, the high sex ratio of all offspring of B mothers and of the 
B offspring of all mothers is chiefly attributable to one class, the B 
offspring of B mothers. The B offspring of A mothers show & low sex 
ratio, but the numbers are too small to make the difference from the 
general sex ratio significant ; and the A offspring of B mothers show 


£ jo c rati " Я 
a high sex ratio, but again the numbers are too «mall to warrant any 
conclusion. 


Father-Offspring Combinations. Since the Baltimore Rh multiple 
series of father-offspring combinations does not differ significantly from 
Johnstone’s father-offspring series (xis? = 7.867; 90 > P = 80) they 
have been pooled. Table 4 shows that the low ax ratio for all offspring 
of B fathers (49.0), reported by J ohnstone, is confirmed in the Baltimore 
Rh Multiple Ascertainment series (46.7); but even when pooled, the 


| 
| 
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difference was significant only at the 5% level. No other significant 
differences appeared in the interrelations of father's and offspring’s blood 


groups and sex. 


TABLE 4a 


Ner Ratio and Pather-Offspring Blood Group Combinations 
Pooled Baltimore Rh Multiple and Johnstone Samples 


FATHERS 

o А B AB TOTAL 

OFFSPRING ко. % NO. % ко. % NO. % NO. % 
о Baltimore 805 53.5 0.0 114 50.9 1907 52.3 
Johnstone 630 52.9 24 73 49.3 970 52.5 
Pooled B-J 1435 53.2 615511 187 50.3 9237 52.4 
А Baltimore 306 50.7 42 33.4 42 47.0 1085 50.9 
Johnstone 250 51.t 17 97 48.1 900 51.4 
Pooled B-J 556 51.1 59 69 47.8 1985 51.1 
B Baltimore 90 56 162 46.3 54 59.3 365 52.9 
Johnstone 52 92 48.9 31 74.2 196 51.5 

Pooled B-J 142 52. 254 47.2 85 64.7 561 52 


AB Baltimore 8. 5 j j 
Johnstone 37 45.9 28 50.0 10 60.0 75 49.3 


Pooled B-J 
"Тотлт. Baltimore 40.7 106 54.7 2827 51.8 
ales теин 49.0 08 61.8 2141 51.8 
47.6 174 57.5 4908 51.8 


Pooled B-J 


Mating-Offspring Interactions. Table 5 gives the available data 
supplied from Johnstone's and the Baltimore Rh Multiple Ascertainment 
series. Sanghvi did not report on the sex ratio in offspring from different 
types of mating. Again, because of the lack of any statistically significant 
difference between them (дь = 9.36; .90 > P > .80), the Baltimore 
and Johnstone series have been pooled. 

As would be expected from the low sex ratio observed independently 


in all offspring of A mothers and in all offspring of B fathers, there 
is a marked deficiency of males in the progeny of the mating Ae X Bê. 


There is also a low sex ratio in the offspring of A9 X Аг. Neither 
of these differences, nor the distribution as а whole, reaches a level of 
statistical significance. However, the very high sex ratio from Oe X 
АВ is at the .01 level of significance. 
nial | 
e ке Research | 
Ednh e gou fE 


| 
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Johnstone emphasized only the low sex ratio in the progeny of B 
fathers and the high sex ratio in that of B mothers (table GOA). Allan 
C354). observing this. suggested also that “such opposing parental ten- 
dencies may also be found to a lesser extent in O and A fathers and 
mothers." This aspect was unconfirmed by the Baltimore data. In the 


TABLE 4b 
Statistical Analysis of Pooled Baltimore Johnstone Sample 
[N.B. Categorical x? tests of Baltimore nnd Johnstone samples 


respeetively yielded no statistically significant dev mns and there- 
fore only the analysis of the Pooled B-J Sample are included here. | 


1. Total and Partitioned x? Values -Pooled B J Sample 


CELL x D.F. PHRONAHWILITY SIGNIFICANCE 
0/0 1.2074 1 
0/A 0.1152 І 
O/B 0.0649 1 
А/О 0.1322 1 
А/А 0.0148 І 
А/В .3405 1 
А/АВ 0. 4 1 
B/O 0.1071 1 
B/A 5.0239 1 t 
B/B 2.0861 1 20> p> 10 
B/AB 0.0920 1 
AB/A 1 
AB/B 1 
AB/AB 1 
Toran 1 1 


14—-1 13 


lI. Categorical x? Determinations Pooled B-J Sample 


a. Offspring of O, A, D, ard AB fathers: x 
b. О, A, B, and AB offspring: Xi 
е. 0/0. A/A, B/B, and AB/AB 

father/off spring combinations: хаз = 3.00014, 0.30 x pas 20 "i 


2. 7,0840, 0.10 po 0.05 NSD 
OSO > p> 0.70 NSD 


1.0668. 


poled B-J sample, the dissimilar offspring of mothers classified according 
to blood group (O. A. B, AB respectively) did not show a significantly 
different sex ratio from those of Гаев! or the corresponding blood 
groups. Alan called attention to the reversed order of magnitude of 
the sex ratios in the offspring of mothers compared with fathers 
(B>O> A and A> O0 2 D respectively) found in Johnstone’s date: 
the Baltimore sample (table G) neither shows the same order as John- 
stone’s nor any other in which the order in the mothers is the eon verse 
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of that in the fathers. The actual orders are O > BS A andO>A>B 
for Baltimore mothers and fathers, respectively, As might be expected, 
the Pooled B-J sample follows the Baltimore series, which is larger than 
the Johnstone series. Even the difference between the sex ratio of the 


TABLE 5 


Ser Ratio and Parental Mating Types Based on ABO Blood Groups 


Baltimore and Johnstone Samples 


Mating NUMBER OF Marines SPRING SEX Ratio 
І ЕЕ Е MALE FEMALE 
i JOHN- JOHN- JOHN- JOHN- 
MOTHER- BALTO. STONE BALTO. 51 BALTO. E STONE POOLED 
FATHER NO. NO. NO. NO. % % 
2 46 454 456 51.6 50.07 
' 0 XA 402 401 — 4H 408 50.9 51.65 
Axo 399 386 410 389 50.1 50.73 
Ох B 135 95 156 144 48.5 50.74 
вхо 118 71 132 110 55.6 54.93 
O X AB 48 26 43 32 2.2 63.57 
AB xO 38 24 42 35 51.9 53.49 
AXA 357 402 369 370 376 49.0 49.73 
АХВ 115 84 106 73 126 46.5 40.01 
ВХА 139 75 151 73 146 53.7 51.73 
AX AB 41 27 56 20 45 46.5 52.78 
AB x A 33 29 29 28 34 44.4 45.94 
BSB 23 16 21 15 26 60.0 50.00 
Bx AB 8 8 8 8 7 3 ger н 
АВХВ 14 8 17 6 10 1 .2 57.50 
AB x AB 5 2 4 1 4 33.3 45.45 
Tors 2295 2100 2444 1931 2348 1500 50.9 50.07 
Xas? 19.032 .20>p>.10 N.S.D. 


offspring of B mothers and of B fathers 50 emphasized by Johnstone 
and by Allan is not statistically significant in the pooled data (1 > 20). 
The evaporation of this difference in the course ol pisci as = a 
samples points up the need for greater caution in drawing conclusions 


iff е5 tk statistical significance. 
from supposed differences that lack statistic g 


DISCUSSION 


i rariance, the data compared here yield, when 

ll the natural variance, t i 1 

жы: iri of highly signifieant relationships. In the A offspring 
of A ie m there is à lowered sex ratio—that 18, there are actually 
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fewer males than females; and i 
emales; and in the spri 
а raised sex ratio. When the 5 dum м a rum tea 
3 З 5 separate series аге examined, thes 
d^ s à , these rela- 
tions appear with high consistency. In both Baltimore serie 1 
| ger w | | P- series, whether 
taken by single or by multiple ascertainment, in both of rg i 
gie t e a Я h of Sanghvi’s series, 
and in Johns ne's series, the sex ratio for the A/A mother-offspri 
combination is always below 50.0; and in the pooled dat nien 
уй j B a, comprisin 
E 9 ec ] s. it i ; А 
over 2000 recorded births, it is only 48.3. The B/B о age с. 
combination is far less numerous, comprising only 605 births in the 
pooled data; but its sex ratio (57.7) is the highest of any mother 
offspring combination. In only two cases (Balto. Pat. Mult 52.9; John 
n 2] 7 rn i fi Б я 
stone, 54.3) does it drop below 55.0; and in both those instances it still 
considerably exceeds the over-all sex ratios of 50.1 and 51.9 for those 


arie respectively. Both A/A and B/B combinations exceed the 0.01 


probability level. 

The pooled B offspring of A mothers also show a low sex ratio 
(49.2), although the data are not so consistent. However, the number 
187) is not large and the statistical variance is conse- 


of such births ( 
quently high. The pooled A offspring of B mothers conversely show a 
suggestively high sex ratio (54.2). The number of such offspring (144) 


and the variance too great to permit any firm conclusion. 
iggestion here that the low sex ratio applies 
and the high sex ratio to 


is even smaller, 
Nevertheless, there is & st 
to both A and B offspring of the A mothers; 


both A and B offspring of B mothers. 
These are the facts. Tt remains, if possible, to suggest some sort of 


mechanism that could conceivably bring about these reciprocal 
o. Recalling that males are produced through the 
functioning of spermatozoa each carrying а Y-chromosome, and females 
through the functioning of spermatozoa each carrying an X—chromosome, 
one may see that what is indicated 18 clearly some sort of reaction between 
the maternal genotype, 07 the genotype of the egg itself, and the relative 
success of the two types of sperm cell. 

The first explanation to spring to mind is naturally that the A 
offspring of A mothers and the B offspring of B mothers, which exhibit 
the respectively low and high sex ratios, are homozygous. The data, upon 
inspection, serve to exclude this possibility. In the first place, homozy- 
gotes would also be expected to occur among the A offspring of A fathers 

ng of B fathers, but table 4 reveals that the sex ratio 


and the B offspri 
in the former class is not low and in the latter class is not high. More- 
homozygotes are excluded in the classes, B offspring of A mothers 


biological 
shifts in the sex rati 


over, 
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and A offspring of B mothers. Among the matings indicated in table 4, 
homozygotes for A should occur in the progenies of X x & X X MS 
YE pro; 
AB X A, and AB X AB. None of these deviate significantly from the 
over-all sex ratio, and the A X AB and AB x A matings. which accord- 
ing to this explanation should yield identical results, seem to deviate 
in opposite direction from the average sex ratio. ‘The inviability or 
reduced occurrence of homozygous A males could not at all account 
for the low sex ratio in the mating of A X D, which, however. lacks 
statistical significance. The hypothesis is accordingly insufficient to 
explain the deviations which do occur and predicts deviations which 
do not occur. 

Because [2 is a commoner allele in the populations studied than 
either ЈА or I”, most of the A offspring of A mothers must come from 
matings of A X O and A X A in which the A individuals are hetere- 
zygous. Both of these types of mating are expected to yield. some 0 
offspring; and in fact all the O offspring of A mothers must come from 
heterozygous mothers in which an O-bearing egg is fertilized by an 0 
bearing sperm. Consequently, the sex ratio of the O offspring of A 
mothers will tell us whether or not the O-bearing spermatozoa, in fer- 
tilizing O-bearing eggs in an A mother, produce a lower frequency of 
males than expected. Table 8 shows that the sex ratio in this class 15 
A which is certainly not significantly low (P between 95 and 90). 
Jne may reason similarly that the O-bearing spermatozoa produce the 
expected proportions of males and females when fertilizing О bearing 
eggs Im a D female, for the sex ratio found (53.0) is not signitieantly 
ee soc 51.8 (P between .70 and .50). In fact, table 3 show 
A oe spermatozoa yield a normal sex ratio in О. А. and B 
emales fertilizing к ч ] 
ses 4 (n : а O-bearing eggs. IH may further be deduced from 
able 5 the » O-beari 3 s 1 
vie EAS the O-bearing spermatozoa produce a normal sex ratio when 
fertilizing eggs carrying A. for А А 1 
ЖЕЕ UN р “т? ying A, for the mating АФ XOS yielded a norma 
sex ratio (50.73) in : j бу E ' a i 
темно : s in 2 total of 1500 offspring. The Be О4 has 2 

PT sex ratio (54.9; а на i i 

50. н | EIE), but the deviation [rom the mean sex ratio of 
50.97 for the matings in table 5 is not sienili е 10) 

е | s not significant (P greater than . s 
would see to follow that the observed signifi Sr 1 sex 

ü Н served significant deviation 1n the ве: 
ratio are not attributable to the O-beari ; хі 
анана е earing spermatozoa at all and mus 

sequently be attributable to A—beari А Að: 

We dee aent à A-bearing and B-bearing spermatozoi: 
ext exa. x ; 
"RS: y mine the data to see whether both O-carrying and 
-earrying eggs produced by the A mothers jori н d 
heterozy À А DOM others, the majority of whom аге 
heterozygous, are involved. or only one s jn 1 

у one sort; and similarly whether both 
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O-carrying and B-carrying eggs from the B mothers are involved, or 
only one sort. In matings of AO females with А males, the offspring 
from O eggs fertilized by A sperms cannot be distinguished from the 
offspring derived from A eggs fertilized by A or O sperms; likewise 
for the matings of BO females with B- males. But in the mating of AO 
females with В males, and conversely of BO females with A- males, 
the two types of zygotes are phenotypically distinguishable. The AB 
offspring, in both cases, arise from the egg that carries the allele corre- 
sponding to the mother's phenotypic blood group. The B offspring 
from A mothers and the A offspring from B mothers arise from the 
fertilization of the eggs carrying O. Table 3 shows that the sex ratio 
among the pooled AB offspring of the A mothers is certainly not low 
(53.7); and among the pooled AB offspring of the DB mothers it is 
certainly not high (50.0). On the other hand, the pooled B offspring 
of the A mothers (sex ratio 49.2) and probably the pooled A offspring 
of B mothers (sex ratio 54.2) do deviate in the expected directions. 
These facts inform us that the phenomenon probably arises from the 
union of O-bearing eggs, in mothers of phenotypes A and B, with 


spermatozoa bearing А or B. The extreme deviation is found when the 


sperm earries the same blood group gene as the mother's phenotype, A 
in A, or B in B. 

A mechanism now suggests itself, although for the present it must 
remain purely hypothetical. It is well known that many individuals 
carry a dominant secretor gene, S, which brings about the secretion of 
the A or B antigenie substances into the body fluids, such аз saliva, 
lymph, and tissue fluid. In a heterozygous person the diploid cell is 
protected against highly specific chemical reactions of an enzymatic 
or immunological type by the presence of both alleles in the nucleus. 
Following meiosis, however, there come into existence germ cells of a 
haploid constitution, and thus in a heterozygous mother, eggs of type 


О are exposed to the А or B antigens. The О eggs in an А mother might 


then react in an unusual way with spermatozoa also carrying A. One 
must postulate that in this ease more of the 0 eggs are fertilized by 
А-Х sperms than by A-Y sperms, or else, if fertilization is normal, 
that more AO-XY than AO-XX zygotes perish. The opposite happens 
in the case of B mothers. The mechanism implies that there is some 
modification of the reaction by the alternative presence of the X or Ү 
chromosome: yet there must be a considerable cross-reaction, for in 
the A mother the O eggs manifest a similar, though weaker, reaction 


toward the B-X and B-Y sperms, as toward the А-Х and A-Y sperms. 
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The alternative hypothesis that in segregation the A tends Ы Во 
with the X and the B with the Y, in AO and BO males, ERE 
may be ruled out. If it held true, B fathers should in general proc i 
more sons, and A fathers more daughters; but table 4 shows that this 
is definitely not the case. жа 

This brings us to a situation that is capable of test. Matings 
A X Aor BX В that produce some O offspring must be between nen 
both of whom are heterozygous. The mothers of such families must 
therefore produce O-bearing eggs. One-third of the A offspring of iens 
А X A mating and one-third of the B offspring of the B X B аен 
are expected to be derived from O eggs fertilized by A and B pr 
respectively. The former should result in a low sex ratio among p^: 
offspring according to the theory, and the latter in a high sex TU И 
among the B offspring; whereas the O offspring from each mating shou 
exhibit a normal sex ratio. Similarly, from matings of A females by 
AB males or matings of B females by AB males, the production of | 
offspring in the former mating or of A offspring in the latter mating 
will indicate that the mother is heterozygous (AO or BO) and a eo 
of O-bearing eggs. In ihe mating of AO 9 X AB 4, one-half the off- 
spring of blood group A would come from the fertilization of m 
egg by an A sperm, and all of those of blood group B would be — 
from an O egg fertilized by a B sperm. Both these classes should exhibi 
a low sex ratio, according to the theory. In the mating of BO 9 X AB » 
one-half the D offspring and all the A offspring would conversely b€ 
expected to show a high sex ratio. А 14 

There is no test of these relations in the present data, but it show 
be pointed out that, although the theory satisfies the deviant ratios in 
the mother-offspring combinations (tables 3), there are certain diserep” 
ancies in the father-offspring combinations (table 4). In the latter, the 
most significant deviation, that of the high sex ratio (64.7) for B 
offspring of AB fathers, is not inconsistent with the theory. On the 
other hand, the low sex ratio (37.3) in the A offspring of B fathers 18 
inconsistent with the theory, since such offspring could arise only from 
the functioning of an O-bearing sperm fertilizing an A—bearing egg 
produced by an A or AB female. 

A possible consequence of the postulated mechanism would be that 
AO and BO mothers might not only yield abnormal sex ratios in thet 
offspring, but might also show deviations in fertility rates and expecte 
numbers of A and B offspring, respectively. 
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It is now quite apparent that future work on this problem will have 
to supply full information, not only in regard to both parents, but 
also in regard to the sex ratio in each separate category of offspring. 
^ tabulation of this sort has been started, but it will take a considerable 
time to secure adequate samples for even the commonest categories. 


SUMMARY 


1. Two Baltimore samples, one from the files of the non-sensitized 
[th-negative women and the other from the Paternity Suit files of the 
Baltimore Rh Typing Laboratory, have been examined for evidence of 
any relationship between the ABO blood groups and the sex ratio, in 
comparison with other data on this relationship previously published by 
Sanghvi (Bombay and New York series) and by Johnstone (London 
series). 

2. From a study of the mother-offspring combinations, a consistent 
and, in the pooled data, significantly /ow sex ratio was found among all 
offspring of mothers of blood group A and among the total offspring 
belonging to blood group A irrespective of mother's type. Both of these 
are attributable chiefly to the low frequency of males among the A 
offspring of A mothers, although there is an indication that the B 
offspring of A mothers also have a low sex ratio. 

3. There is a consistent and, in the pooled data, significantly high 
sex ratio among all offspring of B mothers and among the B offspring of 
all mothers. Both of these are attributable chiefly to the high frequency 
of males among the В offspring of B mothers, although there is an 
indication that the A offspring of B mothers may likewise have a high 
sex ratio. 

4. "There is a significantly high sex ratio among the B offspring of 
АВ fathers and a low sex ratio among the A offspring of B fathers, in 
pooled Baltimore Rh and Johnstone data. 

5. In preliminary iabulations of the sex ratio in progenies denied 
{гош the various types of matings when both father’s and mother 5 blood 
group was known (Balto. Rh and Johnstone series), a significantly high 
sex ratio was obtained in the mating where mother was О and father 
AB. No explanation is offered of this deviation from expectation. | 

6. From an analysis of the data, it is concluded that O-bearing 
Spermatozoa are probably not involved in the production of exceptionally 
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high or blow sex ratios; and likewise that A-bearing or B bearing me 
аби not involved. The phenomenon seems to arise when О hearing кү? 
in females of types \ or B are fertilized by spermatozoa — ы » 
3 respectively. A biological mechanism for this is suggested and mean 


of testing the hypothesis are described, 
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CRANIAL ALLOMETRY IN THE GREAT APES? 


BY EUGENE GILES 
Department of Anthropology, Harvard University 


ESPITE much recent study of cranial growth and morphology in 

the primates, there has been little consideration of the analytical 
technique of allometry, as propounded by Julian Huxley (732). While 
some trepidation should always be entertained when attempting to 
express complex developmental factors by simple mathematical formu- 
lations, the positive results of such tests as those made by Moss (754), 
Robb (735) and Reeve (40), to name but a few, encouraged this author 
to undertake an examination of allometric relationships in the cranial 
development of the great apes. 

Allometry has also been suggested as a mean of describing oste- 
ological change in an evolutionary series, and successful applications 
of this method have been published by Hersh (34) on titanotheres, 
Romer (748) on pelycosaurs, ete. Since no satisfactory paleontological 


w exists, the author has attempted to simulate such а 


primate series no 
estigate the degree of 


series with neontological data in order to inv 


among the members of the great ape subfamily. 
d be made explicit that allometry is used here 


ology, and as an indication of simi- 
Within these bounds certain objec- 
ds are effectively 


affinity 
The reservation shoul 
as a tool descriptive of gross morph 
larities in developmental patterns. 
tions to the allometrie scheme on theoretieal groun 
countered by the empirieal successes of many researchers. 
Essentially, allometry measures the difference in rates of growth or 
of other size increases. Measurements may be taken either of two 
1I wish to express my appreciation for the very helpful advice given me by 
Professor W. W. Howells and Dr. Edward Е. Hunt, Jr., and also to thank Dr. 
Howells and Dr. C. P. Lyman for making available to me the primate collections 
of the Peabody Museum and the Museum of Comparative Zoology, Harvard 


University. 
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dimensions of the same organism ог anatomical unit, or of a whole 
organism and a part thereof, ‘Two separate parts of the organism ean 
be analyzed, and considerable success has been had in applications to 
1, o9b). The 
allometrie formula y = ba* is fitted to the data (usually in the linear 
form logy = log b 4 log r). The coeficient J is the ratio between the 
two rates of growth measured; when k= 1 the rates are equal, and 
could as well be represented as simple proportions. 


the chemical composition of the body (e.g. Forbes, `5 


MATERIAL AND METHODS 


At least three possibilities are present in great ape skulls for allo- 
metric investigation. ‘The terminology of Huxley, Needham and Lerner 
C41) and Simpson (753), wherein heterauxesis denotes an allometrie 
relationship in an ontogenetic series and allomorphosis the same in an 
adult series, provides an adequate nomenclature. A sample of 170 
chimpanzee, orangutan and gorilla calvaria from the primate collections 
of the Peabody Museum and the Museum of Comparative Zoology, Пате 


TABLE 1 


Primate Material 


MALE 
ADULTS TOTAL 
Pan sp. 40 37 4 117 
Pan paniscus 2 1 0 0 3 
Gorilla g. gorilla 14 10 0 5 29 
Gorilla g. berengei 1 0 0 1 2 
Pongo sp. 5 7 0 T 19 
Total 62 55 4 49 170 


vard University (see table 1) was analyzed for (1) heterauxesis; (3) 
individual allomorphosis, or allometry between adults of the same popu- 
lation; and (3) genus-form allomorphosis, or allometry between repre 
sentative adult members of different but related genera, The latter 
approach has been applied in the same way as paleontologists use lineage 
allomorphosis, or allometry between members of a phylen in direct line 
of descent. 


т " 5 ; : 
The only age-grouping this material needed was a dichotomous one 


into still-growing juveniles and matured adults. In all species the 


criterion used was the eruption or non-eruption of the third molar. The 
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utility of this division-marker is apparent; its reliability is attested to 
by the work of Schultz (40a) for the chimpanzee, Schultz (40b) for 
the orangutan. and Randall (42) for the gorilla. 

Measurements were taken with standard anthropometric calipers to 
the nearest millimeter. The numerical data were transformed into five- 
place logarithms, and the straight line best fitting the variates (the slope 
of which is the allometric coefficient X) was determined mathematically, 
using the procedure described by Kermack and Haldane (50). The 
reduced major axis 30 plotted has been found a better approximation of 
the allometrie curve than the usual least-squares regre: sion line, though 
ition has so far been limited (e. g- Parkinson, 52). It also has 
test devised by Finney (738) to be adapted 
vel of ihe difference between Ё and unity. 
ant diiference, then no allometric rela- 
tionship should be implied, and it is reasonable to assume that a propor- 
aintained between the two yariables during growth. 
suggested by the coefficient of 
Tests of significance between 


its applic: 
the advantage of allowing the 
to indicate the significance le 
Of course, if there is no signifi 


tional constancy is m 
The linearity of the logarithmic data is 
and its significance level. 


correlation r 
use of the formula developed by Simpson and 


two k factors involve the 
Roe (739). 

The 7 measurements used were taken in the following manner. 
Prosthion and basion are defined as usual. Palate breadth is the 
of the external alveolar borders wherever found. 
d from prosthion parallel to the long axis of 
he alveolar arch. Cranial breadth 
ively the greatest breadth of the 


greatest separation 
Palate length is measure 
the palate to the posterior edge of t 
and bizygomalic breadth are respect й 
cranium (avoiding the supramastoid erest) and of the zygomatic arch. 
Biporionic axis-prosth ion is the calculated distance from prosthion per- 
pendicular to the biporionie axis at its midpoint. Nasion presents some 
difficulties. While it is clear in the immature forms, by the adult stage 
it has been completely obliterated. Also, especially in the gorilla, the 
nasal bones may reach up into the glabellar region. The approximation 
used, following Randall (42), was the midpoint of a horizontal tangent 
drawn to the arches formed by the suture between the maxillae and the 
frontal bones. 

In table 2 the valuc 
ments are presented {оке 1 
In all pairs the first-mentioned variable 


The calculation of b though a simple 


for each of 4 pairs of measure- 
gnificance levels of r and of k. 
is used as т, the second as y. 
one of substitution, has been 


з found for Ё 
ther with the si 
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omitted here because it plays no part in the analysis. Huxley (732) 
considers b to be of no particular biological significance. Of the results 
of groups showing significant linearity and having an adequate sample 
size about 78% showed significant allometry based upon the Finney 
(238) test. 

In addition to the analysis of the 4 sets of measurements described 
in this paper, the author made allometric calculations for two other 
vector pairs: biporionic aris-verlez vs, biporionic axis-prosthion and 
biporionic aris-verlex ys. glabella-opisthocranion. In the former signifi- 
cant allometric relationships were practically nonexistent, and the results 


of the latter comparison were almost as meager. These pairs were there- 
fore omitted from the present discussion. However, it is worth noting 
the lack of allometrie development in these dimensions, though it is pos- 
sible that allometry in biporionic axis-verlex vs. glabella-opisthocranion 
was obscured by superimposed bone growth directly effected by muscular 
attachments and expansions. 


RESULTS 


| Because of sample size limitations, heterauxesis was substantially 
investigated only in the chimpanzee. The allometric coefficients quantify 
some of the vectors in the general growth syndrome of large-jawed 
primates. The / value of 9.774 obtained in comparing bizygomatic 
breadth with cranial breadth, for example, gives a numerical value to 
the higher rate of face-width growth compared with cranial expansion. 
Such numerical values permit a much more exact description of dif- 
ferences in growth rates among the various dimensions of the skull. 
The relatively greater downward growth of the chimpanzee face is mea- 
sured, as is the faster sagittal growth in the palate compared both to 
ila Increase in the palate and to the growth in the cranial 

The data in table 2, describing the rapid postnatal extension of the 
muzzle in the great apes, provide a very clear-cut example of allometric 
growth. As mentioned above, the increase in palate length has been 
found positively allometrie both with regard to palate width and to à 
measure of part of the cranial base. This situation is likely common 
to other relatively large-jawed primates (e.g., Huxley, 732 concerning 
baboons) and is manifested in other mammalian online (а.д. Robb, 35, 


Reeve and Murray, ^42 for the horse; Reeve, ^42 for South Avaetican 
anteaters. | 


47 


АТ APES 


CRANIAL ALLOMETRY IN GRE 


7р93893 Jou = ,, '3uvoytuSts you 94 03 punoj = „ :eZurpueq пшпүоә 30 uorjvuv[dxo 10у 4x3} әәѕ :3JoN 


TO « 198 10” «« 80E * ++ 089v 10 ae өс т sepruoan p 
I0  , бст To „ 068" 10° 10° 695 10 „ TI [аре цу 
IU, serr 10° 10° Oet 10° 10° 2/8: 10 10° LIFT $dno13 цу 
unjn6upaQ) 

10 ee ELT 10° .. eor ѕәрпәлпр 

10 « 108 l0 c0 cael l0 60 бт 10° 10° 8/81 simpy Цу 
TO « 106 10° 10° zegi 10° 10° 122° 10° 10° coect вЧпол8 Цу 
омор 

100" eo ror 100 go esci 100 10° Ф215 100° 10 8691 вәпшәли 
£0 60° 81 * +» LI lU „ 2661 900 „ вм SNP әүешәд 
900 a Lt * ss GONI ?0 a BIBT €00 со LLEI SIMPE ale 
100° S0 9ozT c00 10° geget 100° 10 cepi 100 e grt SNP цу 
100° 10° ezg 100° 10° ФЕТ 100° 10° 8205 100 10 ст sdnoa3 цу 
A "а 3 а ч 4 а м A а ^а а дәгитйштцгу 


HLƏNAT ALVIVd SANIK NOULLSOUd-NOISVN 
NOIILLSONd-SIXV “SA NOISVU-NOISVN 
OINOTHOdI# "SA 
HLONAT ALV IVa 


нїауяни OLLYXODAZIH WLONGT Зулуа 
"SA HLGVaUd TVINVUO “SA ILLO ЯН ALWIVa 


€ WTISVI 


1s BUGENE GILES 


The excess of the bizygomalic growth rate compared to that of 
cranial breadth is very much greater in the heterauxetie series than in 
the three series representing adult allomorphosis. Possibly the large k 
factor in the juvenile series reflects an adolescent growth spurt in the 
mandibular musculature that has promoted ossification in the zygomatic 
arch. The striking rate of sutural and exterior appositional growth of 
the zygomatic arch has been investigated by Scott C54). and also in а 
longitudinal study by Gans and Магы! C51). Ai the time the adult 
stage is reached, the zygomatic development, as measured by adult allo- 
morphosis, is for practical purposes merely proportional to the general 
size increase. Whether the technique employed here is a reasonably 
accurate one for measuring the magnitude of such “growth spurts” сап 
only be determined by further applications of allometry to other cases 
and by investigation of the precise relationship of muscle mass to bone 
production. 

lleterauxesis in the young of the gorilla and orangutan, where it 
could be examined. indicates the same trends, ihough the statistical 
significance of these is not proved. It should be noticed how well the 
allometrie coefficients for the nasion-basion vs. nasion-prosthion measure 
ments reflect the increasing preponderance of downward face-length 
growth relative to growth along the cranial base in the progression from 
chimpanzee (1.285) to gorilla (1.737) to orangutan (2.368), the latter 
developing large i i 


|, jaws coupled to a rather paedomorphic braincase. 
Though individual allomorphosis concerns itself with an adult рор” 
lation, it is apparent that it does not divorce itself from the individual's 
growth, since the X factor is determined bv the total of the stages each 
individual reached at the time of growth cessation. In order to justify 
ae coefficient we must assume a category-wide relative growth pattern 
db 3s S cde aes р s 
€ 5 = ee to significant individual variation, a pattern whose 
implementation but not whose is i iation in the 
ве nature is 7 
vir sesion iori i e is influenced by variation in 
ко», : : ¢ sense of total nurture, debilitating diseases, e0 
bsolute growth i утат : “gs - 
to consider LAMP rg e iie these assumptions, iis is pi^ 
) 2 allomorphosis as representing the relative growt 
rate in, so to speak, the adult stage. 


| ‘Relevant to this approach is material demonstrated by Huxley (82) 
in insects, Reeve and Murray (4 у S 


à | 1 1 2) in the horse, and Forbes (752a, 52b) 
in human biochemical studies to the effect that there is a deviation Jn 
the heterauxetic line of the data so that two Те 


| forming an obtuse 
angle provide the best fit. Since the cross 


-sectional approach necessarily 
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used here with the juveniles was not exhaustive enough to show this 
directly, an analysis was made between the adult and the juvenile & 
factors to show whether the relative growth ratio underwent such a 
change during development. Accordingly, the significance between the 
ratios of all the adults and the juveniles was tested for the chimpanzees ; 
the results are presented in table 3. Again, small sample size prevented 
similar application to the gorilla and orangutan. 

Since the samples were of adequate size for the chimpanzee, a test 
was made for the differences between the male and female adults’ rates; 
none was found significant. 

Current taxonomic practice does not regard the genus as a strictly 
“objective " category. Mayr (42) seems in accord with the taxonomist 
who defined the genus as “in general neither too large nor too small.” 
llis own definition is more subtle, but he agrees on the “honest admis- 
sion of the subjective nature of this unit,” viewing the genus as a group 
of species, of common phylogenetic origin, separated by a gap from other 
such groups, but “it is to be postulated for practical nen that the 
size of the gap shall be in inverse ratio to the size of the group. 

Both Simpson (45) and Straus (749) give each of the great apes 
generic rank within a separate great-ape subfamily. As Pocock ( 25) 
observed, many early writers were sufficiently impressed by the similarity 
between the gorilla and the chimpanzee to assign them only specific 
difference; however, later workers have separated them, even ыа 
recognizing affinities between the two, е. g., Remane (721), cipe C27), 
Romer (^45), Young (52). Contrary to this trend, Mayr deae 
suggested that the gorilla and chimpanzee are but polytypie species tha 


sh 5i 1 same genus. " 
ould be placed in the s g mists often pay more attention 


Huxley (732) has noted that taxono eue o 
to differences in proportion than to differences in size. But if prenar 
in proportion, such as the greater dolichurany of the gorilla compare 


with the chimpanzee, are merely the result of a general size increase 
| trically developing system, such differences are 
no more significant than size variations. At least one wel үм. 
334) has made this observation explicit, proposing that differences in 
Even if such value is not placed on allometric 
Similarities and differences, their demonstration hg - poena 
indicati {nity Gros Clar 5) has rec 1 
as strong indication of affinity. Le ; à 
Pointed Pm that the validity of statistical comparisons of anatomical 
Measurements is likely to be greatest in determining the relative affinity 


of forms known beforehand to be closely related. 


acting upon an allome 


distinguish genera. 
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Consequently, tests were made of the significance of the difference 
oft the & factors between chimpanzee and gorilla. chimpanzee and orangu- 
tan, and gorilla and orangutan. The coefficients used were derived 
from the combination of the juveniles and adults. Such combination 
is questionable where linear allomorphosis and heterauxesis of the same 
population differ. The usual procedure (e.g., Reeve. ^40) has been to 
disregard the possibility of this difference. However, heterauxesis relies 
upon fewer assumptions as to its causation than individual allomorphosis, 
and also usually produces a better fit of the allometrie line. Hence, in 
those categories where a significant difference between these two measures 
has been shown. the significance of the difference between the species as 
adults as well as combined groups has been reckoned. Table 3 gives the 
critical ratios found. Significance at the .05, .01 and .001 levels is 
assured by critical ratios of 1.96, 2.58 and 3.29, respectively. 

In all cases the chimpanzee shows a significant difference from the 
orangutan when juvenile data are included. Only the adult group in 
palate length vs. biporionic axis-prosthion minus palate length is aber. 
rant. This trend of similarities and differences is almost diametrically 
reversed when the same comparisons are made between the chimpanzee 
and the gorilla. In the latter pair only the palate length vs. biporionic 
axis-prosthion minus palate length is greatly different. (The same 
measurement taken to include juveniles, barely significant at the .05 
level, is the minor exception.) . олій 

The gorilla and the orangutan when compared show highly signifi- 
cant differences in their cranial breadth vs. bizygomatic breadth and 
nasion-basion vs. nasion-prosthion rates, thus clearly allying the ean 
panzee and gorilla with regard to the developmental patterns eaa i m 
by these two pairs of measurements. The similarity of the muzzle grow 

is most likely dependent upon the 


rates of the gorilla and orangutan 
dde on iched by the two animals. It should also be 


large size ultimately rea * 
raa et sample size for either of the big apes was not large. 
Tt is, in fact, remarkable that so clear a distinction does occur in two 
Signi ents. 
ас үсе the gorilla and the chimpanzee can a 
demonstrated by simulating lineage allomorphosis with ч ogica 
data, representing in addition to the three үре, ат n 
mens of the pygmy chimpanzee, Pan paniscus, and the mou g > 
i dure is a special application of genus 


Gorilla g. berengei. Such proce | E gan 
io неа It should be emphasized that, in contradistinction 
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to adult allomorphosis, neither genus-form allomorphosis as used here 
nor true lineage allomorphosis has anything to do with the growth of 
the individual. Lineage allomorphosis is usually demonstrated dn b 
paleontological series. such as Robb (835) for a hors: phylum. Fossil 
adults at different evolutionary levels are taken to represent averaze 
individuals of the populations from whieh they were drawn, and iie 
rates of change in various dimensions may show allometric relationships. 
The coefficient, for heterauxesis may coincide with that for lineage allo- 
morphosis in the few cases where it can be measured, though Lull and 
Gray (49) found this untrue in the ceratopsian dinosaurs. In such 
cases adaptation has not followed patterns inherent in the individual's 
growth mechanism. In figures 1 and 2 for each measurement the amem 
has been plotted separately for both sexes of each species (Gorilla 9 
berengei male only). 


In three of the 4 cases the line has been drawn that best represents 
the trend of the chimpanzees and gorillas. The wide divergence ol T 
orangutan from this allometric line is especially noticeable in the waster 
basion vs. nasion-prosthion diagram (fig. 1). While not so marked, ihe 
deviation of the male orangutan is considerable in the charts for palate 
breadth vs. palate length (fig. 1) and for palate length vs. biporionté 
aris-prosthion minus palate length (fig. 2). No clear allometric trend 
was evinced by the cranial breadth vs. bizygomatic breadth plot (fig. 2). 
which is explicable if the allometric relationship holding between thes? 
two variables is a reaction to the increasing size of the jaw musculature: 
The sometime eccentricity of the female Pan paniscus may in part rest 
upon the fact that it represents but a single specimen. 

Previously we have shown that the gross dimensions of the palate 
develop allometrically ; as a final application of the technique the three 
bones comprising the palate complex have been analyzed separately: 
Baer (54) has studied the loci of growth in rats by vital staining 
(alizarin red 8), and found that individual bones in the cranium ate 
the units of growth. TMe concluded that they present a physiologically 
valid subject for allometrie study free from tio possibility of confoundins 
a number of different growth rates, Moore (749) found in a juvenile 
macaque specimen by vital staining that the entire premaxilla wae 
undergoing growth, while the palatine process of the maxilla and the 


palatine hone were growing only at the transverse suture. 


In the present study measurements corresponding to these thre 
segments were taken along the midline of the palate on the 35 juvenile 
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chimpanzee specimens. Orthographie representation of these data indi- 
cates that increases in the premaxilla and the palatine are roughly 
commensurate, while the increase of the maxillary portion is much 
Sreater than either of the others. ` 

Huxley (732) and Clark and Hersh (739) have discussed allometrie 
&rowth gradients in segmented regions of an animal, such as lobsters’ 
chelipeds. If the palate is considered in a similar light, the growth 
of each segment can be related to that of the whole palate minus its own 
Contribution. For the 35 immature chimpanzees the premaxilla has a & 
value of 0.751, the maxilla, 0.968 and the palatine, 2.309. The palatine 
may һе reacting to growth of the posterior pharyngeal musculature in 
a way similar to that suggested for the growth rate of the zygomatic 
arch. Both the premaxilla and the maxilla differ significantly from 
the palatine, but not between themselves. It would appear then that 
a relative growth gradient exists in the palate and that the rates of 


growth are of decreasing magnitude anteriorly. 


CONCLUSIONS 


The application of allometry as a tool suitable for morphological 
Work in physical anthropology is heightened by the precise nature of 
relative growth rate comparisons which it makes possible. And because 
it is exponential, it provides a much more flexible methodology than 
Proportions. It is also possible that applications long current in paleon- 
tology may become feasible with the increase in fossil primate material. 

Systematic groupings cannot, of course, be dependent upon a single 
classificatory criterion. But close similarities in growth patterns should 

e given more weight than secondary characteristics such as pelage 
differences or skeletal rugosity traceable to large muscle attachments, 
certainly so if phylogeny is stressed in the taxonomic scheme. Allometric 


relationships found by Lumer (40) in the domestie dog indicating 
s ggest the utility of differential growth analysis 


certain ancestral stocks su i 
even in such an exaggeratedly variegated species. The present study 


shows a close affinity between the gorilla and the chimpanzee as opposed 
to the orangutan, based upon allometric similarities in two analyses 


quite different in nature. | . | 
It is interesting to note that two of the dimensions which best show 


the difference between the gorilla and chimpanzee on the one hand and 
the orangutan on the other are those which in the individual allomor- 
Phosis lines show no significant difference between the adults and the 
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juveniles (see table 3). This perhaps suggests that ont a 
ferences in these categories between the chimpanzee and the gori a a 
due to similar ontogenetic growth patterns having been at some чш 
of evolution (so to speak) allowed to manifest different terminal — 
all morphological configurations through the mechanism of genera 
body volume increase. mE А T 

A much less certain indication of this is found by comparing the : 
values previously given for heterauxesis and adult allomorphosis Ho 
those determined for the three cases of genus-form allomorphosis (tables 
? and 3). In the three cases the genus-form allometrie lines оон 
more closely with those found for heterauxesis in the chimpanzee, The 
results are contradictory for the gorilla and orangutan, but the juvenile 
samples of these two groups are too small to be completely reliable. 
Since heterauxesis and genus-form allomorphosis differ in kind, no 
statistical test can be made to determine the significance of this tendency. 

Scott (51) has recently reviewed the question of the process of 
maxillary growth, noting two general views: one, that the forward 
growth of the maxilla is primarily the result of sutural growth at the 
back of the maxilla; and two, that the forward growth is largely anterior 
apposition. | 

Scott (48) elsewhere has noted that the ostium of the antrum in 
the maxilla appears to he a relatively fixed point (at least in the human 
being) upon which to base maxillary measurements. However, the use 
of this landmark in measuring the chimpanzee was found to be incom- 
patible with maintaining undamaged calvaria. 

If the palatal growth gradient adduced above has any bearing on 
the question of forward jaw growth, it would indicate that the pre- 
maxillary is less of a center of actiye growth than the maxillary, which 
in turn seems to predicate at least a moderate amount of sutural growth 
in this region. 

SUMMARY 


The technique of allometry, fitting the formula 


у = baz* to morpho- 
logical variables, has be 


en applied to measurements taken from a sample 
of 170 chimpanzee. orangutan and gorilla calvaria. Using four basic 


pairs of cranial measurements—palate breadth vs. palate length, cranial 
breadth vs. bizygomatic breadth, nasion-basion vs. nasion-prosthion, and 
palate length vs. biporionic azis-prosthion minus palate length —relative 
rates of cranial growth in the great apes were investigated. The use of 
allometry instead of proportions, as a much more flexible measure of 
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morphological change during growth, has been discussed, as has i 
meri e to the measure of adolescent SE. E ds 
ise of both al ry of growing indivi : d delito i 
of adult тна „ы е ages үөү. 
g anzee have been shown to be much 
more closely related and mutually distinct from the orangutan than the 
usual tripartite taxonomic classification indicates. «Die auti pr : 
sented suggests that the allometrie growth patterns in the chim om 
would, given an over-all size increase, produce results quite similar w 
the exaggerated osteologieal morphology of the gorilla. The palate 
complex was analyzed with reference to the recent discussions concerning 
the mode of maxillary growth, and the results would indicate a grenier 


degree of sutural growth than often is allowed. 
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RELATION BETWEEN HAIR COLOR AND METALS 
IN HUMAN HAIR 


BY HIDEO KIKKAWA 
Department of Genetics, Faculty of Medicine, 
Osaka University, Osaka, Japan 


INTRODUCTION 
ngs has attracted much 
In both cases, 


have always been represented by 


pue olden times, hair color of human bei 
attention in both the literary and scientific fields. 


however, descriptions of hair color | 
such general terms as white, yellow, red and black, or by special expres- 


sions such as blonde and brunet. These are not very satisfactory to 
scientists, who therefore have felt the need for some other way of 
describing, which will be advantageous in many respects. Recently we 
have found a new way, though we must admit that it is still incomplete. 
This method is based on the fact that there is a certain relationship 
between hair color and the type and amount of metal contained in the 


hair (Kikkawa, Ogita and Fujito, 753). 
alytical results which were 


I wish to report in this paper some ап 
obtained on new samples of human hair, in addition to data previously 


published in Science. 
Before going further, 
kindness of Dr. @. W. Lasker; who 
І am also very grateful to Messrs. 
laboratory, who have helped me in many ways. 


to acknowledge with gratitude the 
sent me samples of human hair. 
Z. Ogita and S. Fujito of this 


] wish 


MATERIALS AND METHODS 
p this paper were obtained from a barber at 
t of the customers are foreigners. А few 
yself and from my acquaintances. The 
t by Dr. Lasker. 


Several samples used i 
Kobe in Japan, where mos 
Samples were obtained from m 
rest were sclected from the samples sen 
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The types and amounts of metals were exami 

ры : als X in reelv |. 
уе € ae method shown in our m ms De 
sd ed Fu ausi be analysis of metals ean be determined 
н emt ра ы یرم سیو‎ sample (30-100mg). But, 
{БШ ont iy d E eater quantity of each sample must 
at Бо eon E ү dry oxidation or by wet oxidation with the use 
нарон t к; M is Pri After the treatment, the solution is frac- 
ilios ж. еи | tiocarbazone (dithizone) dissolved in carbon tetra- 
E Е al ixed condition of pH. Then, to each fractionated 
oak ea da an adequate ответе reagent such as o-phenanthroline, 
we n n ane nitroso-R salt. ele. Comparing the color of the 
Spin 1 with that of a standard one, the amount of each metal can 

imated (Parks, Hood, ITurwitz and Ellis, 43; Sandell, 250). The 


results shown i : 
s shown in table 3 were obtained by these procedures. 


RESULTS 

Figure ja 
йй gure 1 and table 1 represent results of 15 samples which were 

а : $ ан 

гр from 13 different individuals. 
i E. s shown in our previous paper, there is a certain relationship 
еее air i 1 indi 
vetween hair- or skin-color of mammals and types of metals, as indicated 
In table 2, 
TABLE 2 


Relationship between Hair or Skin Color and Tupe of Metal 


COLORATION ASSOCIATED METALS 


White Ni 
Yellow Ti 
Red Mo 


Cu, Co, Fe 


Blackish 


ssociated with nickel, yellow with titanium, 
copper, cobalt and iron. Based 
hypothesis that hair and skin 
tallie complex salts which are 


Namely. white color is à 
red wi B : 
ed with molybdenum, and blackish with 


on these findings, we have proposed the 
color of mammals may be composed of me 

coordinated with tyrosine derivatives. Even supposing that this simple 
{ей or modified in future, the relation between hair 
will remain as a fact. This relation 


assumption is refut 
periment, too. Namely, white hair 


ж skin colors and types of metals 
las been ascertained in the present ex 
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contains Ni in abundance, in either the white or the yellow race (H and 

i ging f these facts, I am safe in the 
O in fig. 1 and table 1). Judging from à dide. iara 
surmise that both D. Eisenhower and N. Khrushchev have ab 
nickel in their grey hair. | | 

In yellow hair like A, B and I in fig. 1, titanium is ui^ 
plenty, and the amounts of copper and cobalt are very scarce. Fr E 
this, it may be concluded that the golden hair of Marilyn Monroe 
rich in titanium rather than gold. 

Reddish hair like E and J contains molybdenum in abundance, € 
blackish hair is rich in copper, cobalt and iron, in both the white an 
the yellow races, and even in the offspring of marriages between them 
(M). But, it is of interest that the black hair of the Negro (K) contains 
great amounts of copper and iron, and a very little amount of cobalt, 
though this result has been ascertained only for one sample. | 

Now, some interesting points observed in figure 1 and table 1 will 
be taken up. Sample A represents the hair of a 17-year old girl of the 
white race and its metal-pattern, and B represents those of the same 
Person at 23 years of age. Both kinds of hair are very alike in color, 
but A is slightly more reddish than В. Metal-patterns of A and B are 


also very similar With each other, but the former seems to contain 
slightly more molybdenum than the latter. 


head-hair of a 32-year old woman belonging 

8 the leg-hair of the same person. Apparently, 
D is paler than C in color, and the difference is clearly shown in their 
the content of Copper in D is less than that in С. 


Thus, the metal-pattern varies according to the change of coloration, 
even in the same person, 


n int | The most distinct difference may be found х 
an individual having two types of hair-color like black and white. Figure 
2 represents the result obtained from the author’s own hair. 

ack and white hair 
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Human hair 


Fe 


Co 


" " lett! 
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3 n , 1 
obtained from the author h 
see the testi? Solvent: Acetone Bu 


ws fl 
"HGLHCE q55: ра. Renae, WAI 


beanie acid dissolved in Өм", ethanol. 
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few iti : 
kei ime results. In general, the quantitative results fully accord 
e results obtained by paper-ehromatographie methods. 


TABLE 3 


Metals Present in Human Hair (ug/10 g of fresh hair) 


5 


METALS 

COTORATION AND ORIGIN Cu Fe Co Ni Ti Mo 

Blonde (Caucasian) 60 11 0 т 120** 3 

Median brown (Caucasian) 80 68 11 19 6 9 
Black (Mongolian) 1900 290 6 13 = 

Grey *** (Mongolian) 54 jp = 88 = сз 

310 200 о 3 o 0 


Black (Negro) 


. А 
The ashing was performed by dry oxidation except Ti in Blonde. 


ы The result obtained from a different sample. 
Hair mixed with ca 70% white and 30% black. 


DISCUSSION 


_ Although there is little doubt that the hair color of human beings 
is determined genetically, the mode of inheritance is very complicated 
and no definite conclusion has yet been obtained (Davenport and Daven- 


port, 09; Reed, 52; etc.). This complexity may be forecast from our 
because even at the present stage 


studies based on inorganie chemistry, 

of research, we are aware of the fact that 6 or more types of heavy metals 
&re concerned with the pigmentation of hair and that their amounts are 
also responsible for the grades of coloration. Thus, various combinations 
of these metals, in either types OF amounts, may result in very compli- 
cated hair colors, and it is easily conjecturable that genetical analyses in 
such circumstances would be very difficult. In future, however, this 
difficulty may be overcome to some extent by analyzing metal-patterns of 
hair in persons who belong to one lineage. ‘Actually, some pioneer inves- 
tigators have already noticed the phenomenon that if the colors of human 
hair are different from one another, there is also found a divergence in 
the types and amounts of the metals contained in the hair (Rothman and 


Flesh, 43; Flesh and Rothman, 48; Flesh. ^48; Smyth, Porter and 
Bohren, *51). 
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SUMMARY 


IIuman hairs of various races have different types and ت‎ 
metals, according to the coloration. There is a certain € ead 
between hair colors and metals, i. e., white color is rich d i 
in titanium, red in molybdenum. and black in copper, cobalt 2 
When the hair color chai 


, D 3 il- 
х with age or area of the body, the meta 
pattern varies accordingly. 


ADDENDUM 


i ; зроб 55, Science, 

\ ег this manuscript was submitted, Goss and Green (1955, 5‹ sag 

à i Ч shite hair in animals 
122: 380-331) obtained an opposite result: that white hair in a 


, hwpsrane wet ORE 
contains more copper than docs black. In fact. an improper wet 


tion frequently gives à result similar to that obtained by Goss and —€— 
Rat, bran improvement of methods of dry and wet oxidations. it E 
found “recently that the metal contained in mammalian hair Ы rra 
abundant than expected. For example, black and white hair of PN 
guinea pig gave the following results (p. p.m. of washed dry uni 
black, Cu 268, Co 263, Ni 96; white, Cu 87, Co 38, Ni 638. The detail 
will be published in Science. 
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Department of Anatomy, University of Michigan, 
lucidate the mechanical factors 
xerts pushes and pulls with 
ion in this respect 
measured 


T research was undertaken to e 
tke ын чета when the body exe 
кыш oe E uations of the mechanics of body act 
P peau nue: ИВ. A number of investigators have, of course, 
еп н " e of push and pull forces under various conditions. It has 
ents е y assumed that the identification of those postures and move- 
üt which will produce maximum operating forces should aid in 
ai eng optimum positions of a foot rest, back rest, or hand grip 
funr тн increase the efficiency of man-machine systems. Hand forces 
(31) ps studied by Lehmann (227), Garry (30), Bedford and Warner 
vir. H Tugh-Jones (45), Müller and Müller (49), Wakim e£ al. (250), 
Du unsicker (755); foot pedal f Müller (36), Koch (41), 
5 ^à and Weddell (44), Martin 52), and Rees and 
^s ham (752); and hand and foot pe Hugh-Jones (47), 
rlansky and Dunlap (48); and MeFar 
On the whole the approach to these stud 
resulting data have been empirical. The trans 
mental values even to situations that are apparently 
since the principles of body mechanics involved have по 
А We are prone to regard all forces which the subject produces as 
direct muscle force and to neglect completely the inertia of body dead 
Weight in the effort. The position of body mass relative to its support 
nee the ес 


Ec affects the body anchorage and he jency of muscular 
ort. Hither the anchorage or the muscular efort may be the limiting 


orces by 
and Johnson (^ 
dal forces by 


land et al. (83). 
ies has been direct, and the 


fer of derived experi- 
related is uncertain, 
{ been clear. 
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"быз 
factor which defines the maximum force that the body produces. This 
is an area which calls for critical attention. р | ши hus Б 

Although our evaluation of the mechanics involved can a ere 
more than an introduction to one class of problem in Jura ae 
the approach, nevertheless, should point to certain of n —— rings 
involved in the application of force: by the body. This аш ың а 
to light two basic mechanisms of force production. First. when bae 
trunk is firmly braced against ihe back of a seat, hand or foot pus m 
may be exerted as direct compressive forces spanning the hand ait 
(or foot pedal) and the back rest. With a suitable shoulder papers 
hand pulls may be exerted as a direct tension between the hand EF 
and the harness (and ifs attachments), Second. push or pull pee 
ordinarily involve the action of foree couples: body dead weight e 
applied at different points on a support creates variable leverages d 
appreciable torque values, The analysis of the latter mechanism ewe. 
the principles of rotational mechanics will be the concern of much 
this paper. e 

In the method employed we endeavored to avoid complicated aay 
metrical patterns of activity. The method was simply that of hav 5 
test subjects exert balanced two-handed forces in the sagittal plane ae 
measuring all significant forces which operate in that plane. н 
problem was to һе treated as one involving the balanced forces e 
statics. To simplify, the subjects initially were symmetrically pe 
проп a seat without back or foot rests and they exerted steady horizonte 
push and pull forces in the midsagittal plane. The aim was to ee 
mine how the body mass, exerting a vertical component, was used a 
effect horizontal push and pull forces, Later the influence of foot ап 
back rests was considered. the 

The human body is composed of a series of articulated links 
extremity segments, thorax, head and neck. ete. Bones form the а 
support for the segments and motions at the joints are rotatory rat з 
than translational in character, (In this study. however, static er 
alone are considered and problems of movement, are ignored.) me 
of the body segments has mass which is subject to the vertical influen¢ 
BE gravito the degree of з aration Чы e ру Ба t 
“weight.” The segmental masses, moreover, can be assumed al " 
concentrated along the respective links at the segment centers of gravity, 
Thus, for purposes of static analysis, we сап visualize a body compos 
of segmental masses as a related system of vertical force vectors (8170 


JR d — МЫС = 
ESTS OF PUSH LAPP LTX SIGE ES PLANE [Ж] 
Д AL pu m mi if 


of tig j 

ганч the horizontal at different. points. The sum 

ri yao г = osa a downward force acting through the 

e oobis 5 і ity of the body : this vector. (W of fig. 1). the 
| the vertical force vectors; is located by a balancing of 


moments, Wl 
E len seeme iti 
en segments move to а new position, their masses aequire 


dicem us 
ü Y M, = WX 


SF dj Fd, s SF, Fe (X) 


di Fada’ 


N: 


С 


м d 


а 


a de - 
d; 

symmetrically seated individual, А 

r of body parts located at their 


Fie. d. The distribution of mass in 
represented by 


iss CF 
al dines of action аге 
(dy ds | from some arbitrary 


e body mass acting at the 


stie i з 
iek figure shows the relative nm 
the vert 


Pespective centers of gravity: 
arrows and are located at varying distanees 
point (ay. The heavy arrow О) represents whol 
ў [OX from peint O. Mo is the moment of rotation 


center of gravity, a distanee ot 
about point 0, The formulae represent one method for € 


Of the whole body CG line. 


letermining the location 


NeW positions in space. and both the location of the vert ical force vectors 
Of the segments and that of the whole body center of gravity change. 
Apart from minor shifts of blood. within the blood. vessels of different 

be regarded ах constant from moment 


es MAY 


гөн 
ions. the segment mass 
lo moment. 

riod of time is only approxi- 


Actually a true balanı 
mate ; 1 
mated. Maintenance: of 
irregular volleys of muscular 


4of forees over at pe 
protracted period involves 


a posture for a 


activity and the degree of steadiness 


70 Oe dio Б NGARAN ANP W. T. DEMPSTER 


depends upon how the forces Huctuate, In nere ae кт iuc 
the center of Eravity of the body хаух erratically over the un bs 
with variations according to subject (ППБ ¢/ Ol. 93. 5 x fo 
though these periods of maimtained. posture truly involve spe iom 
fiavtor of muscles, the mean posture шау be studied helpfully by st 


р graph may 
method The instantaneous posture record shown in a photozra] 
Y S. 


Кш. 2. Photograph 


"Т и vib ject AERA Үй. е apparatus and A 
horizontal midsagittal push at ЫШ levét, "р. type of photo was taken © 
each test at the Moment of maximum horizontal tarias (recorded. Шу CR 
labelei Aus эд ЫА IW RE S qii Hie adjustable haz far farce AES 
tion assured a truly horizontal foree ч 


“1 
МДӨ. ON otal Mat (ы Т 
middle laver of a trilaminaty seit 


he analyzed statically, and sue analy 


shel 
хех have value, if the photograph 
posture js representative 


OF some Mean body Position. 


PPAR ATES NND Mey Hop 


To produce records 
metrically 


| | sal 
lor. force Analysis. a subject. unclothed, Jat 
Upon a horizontal SUHT Set th the middle of a rectangu! r 
à A : 
framework. (fie, TL. die LUE TM steady horizontal push 
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ru aah de it both vanus; At the moment of maximum 
; agnitude of the hand force was noted on a dynamometer 
and simultaneous photographs were made to record: (1) the subject's 
dedi Анн O (2) the dials of dynamometers which ЖОШ 

al reaction forces at the seat. and (3) the dials of other force 
“uses which showed the distribution of force at the front and rear of the 
OUS Several arbitrary body postures involving variations in the distri- 


hu " К 
ton of the segment masses formed the experimental variable. To 


re pé $ . Я ioe 
ШЇ individual variability in the record for each posture 10 repetitions 


could be obtained: all procedures were 


Were made so that an aver 
repeated on three different. individuals. 

Fisure 2 illustrates the basic apparatus. At the upper right of the 
rectangular frame a horizontal bar supported a 100 ke compression gauge 
CV) or a 001b. tension gauge which recorded hand pushes or pulls. 
Mespectively, Horizontal bars at the mid-height of the frame supported 
Upon this a rectangular. metal 


the basal part of the trilaminate seat. 
Swat frame (Bo was supported near its corners by four Dillon. pressure 


Ss, each of 100 ku capacity. These gauges collectively recorded the 

Weleht of whatever mass was superimposed : different readings. implied 

an asymmetrical distribution of mass; The seat hoard. covered by a 

rubber frietion-mat, formed the uppermost lamina. 

In figure 3 (right) the seat hoard has been raised above its basal 
uges) placed near 


SUpport to show the four dvnamometers (with dial £ 
At the sagittal mar; 


ins 


the corners of the frame which they support. 
metal channels carried several 


of the upper surface of the metal frame. 
The seat board. which also has metal channels 


"змей ball bearings. 
s of its lower surface. rested on the ball bearings. 
to slide freely in a fore- 


along the lateral edge 


Those permitted the seat (upper lamina only) 
free fore-and-aft movement, however. was entirely 


and-aft directions " 
eure gauges (A and B) which 


eliminated by two horizontal mounted pre 

are attached to the metal frame. 

at acting forward were recorded on the front gauge: 
Readings 


Forces on the se 
backward acting vectors were recorded on the rear gauge. 
aigos were recorded directly or through 45° mirrors by 
š h were activated by solenoids. About 
edge of. the seat 


Of the 6 seat ga 
two 35mm Ar cameras, whic 
О of lead weighting was attached near the rear 
Surface to гөз forward seat tilting in certain subject. postures. 

The subject was required to sit on the seat. and for each man the 
wight was adjusted to shoulder level. Six pull and 


hand-dynamometer | 


às 
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i all 
6 push positions were planned lor each at the а —€— b 
instanees the subject exerted. all the fore of which » d 
through a symmetrical two-handed push or pull in tie d 
үйө, The hand-dvnamometer distance varied wath eiie ! i pie 
to this end a series of беер and Sieh lengths or #4 y Ton 
coupled to a Таре итїр for the application of push and pu 


hs „хо ut 
à spirit devel and mirror (C, tie, 7) Were mould өп the bar. 


Vie, 4, Leri 


right, а clase 


\ the 
По еар, Ison avert end View ef the apparatus 
np end view, the 


he 
СТЕ 
Нн; Ша ка Ue ы рок: Туруп bad de 

metal frame 


al 
3 : ors Iborat 
middle lamina. formed hy the testing on four dy namonmeter 

at its corners, A and B are 


ter 
: : | eoun 
ranges whieh recorded tore and ий horizonta 


aa plied 
Torees at the НТ [n thie fii "round аге cameras Cb and sy whieh ренги] 
the dial of the 6 seat Maes, 

" ис I" 
the subject could dye eertain of a truly horizontal Tores, AMi least a 
records for each posture were required 


я чиш на, 
for a Tull routine; hen 


р А п avoid 
TM of. 120 records Гоа 


Were available 
fatigue effects, 2 


on each subject. 
1 reeords or Jess Were made at eaeh appointment. И 
When the subject was mo position [өр a maximum effort for jn 
posture. an observer watehed the hand-dyvnamometer dial and when ! 
gauge reached a maximum, the 


graph of body position (like 
camera, and through the 


pater 
operator took an overall side view pli 


or sies 
that of lig. 2) usines a 20mm Cire he 
. | | l 
solenoids he made simultaneous. records ol 


no 
(o 


ANALYSIS OF PUSH AN 
VALYSIS OF PUSH AND PULL IN SAGITTAL PLANE 


b а. 
6 seat ares 5 S e ome: of maximum push 
ап S [ 
gauges. 'Thus, for eaeh test, at {һе moment xi P 


or ; 

m ar = were records on: (1) the foree of hand push or pull 

ay d horizontal counterforee at the seat, (3) the distribution of the 
ject’s weight at the front and rear of the scat, and (4) an overall 


side view recor ч T 
e view record of the subject's posture. 


4 
A 


f 
PULL 


1 by the subject in 
from minimum at 


~~ 


esenting 6 test positions assumec 


er of force application 


Fig. 4, Stick figures repr 
The arrows above the seat 


exe 1 " 
i: rting pull forces arranged in ord 
the upper left to maximum at the lower right. 


represent the relative location of the foree vector exerted by body mass. 

'The side view photographs were enlarged and traced on translucent 
Sheet plastic. By superimposing these tracings for all repetitions of a 
given posture the variations in position and an average position could 
be determined. 

SUBJECT POSTURES 
as stick figures represent 6 standard 
different patterns of body mass dis- 
height of pull The vertical line of 
f the body (vide infra) is represented 


In figure 4 the positions shown 
seated postures, selected to obtain 
tribution consistent with а fixed 
action of the center of gravity 0 
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in each sketch by the arrow above the seat. The — nn 
corresponds with the relative strength of pull (min. ee е ai БЕРЙ 
lower right) ; in contrast, the relative closeness of the мӯ pilosi о 
of the body to the rear edge of a seat үче neal char s 
sequence a-f-e-d-c-b. Occasional variations in this s өм offered no 
ferences in individual posture and seat contact wl жей and 
difficulty, since each force test was actually analyzed in а нв; 
the location of the center of gravity was known in each a. Р 
The postures of figure 4 were as follows. At “a” the E ск уаз 
back passively while holding the hand grip; the center of ihe fect 
well toward the rear. Next, at “p> both the buttocks anc | гай 
contacted the seat, and the doubled up posture was strained ; а мена 
of gravity was nearly as far back as at © Дд” At “e” the os, вес 
trunk was tensed, his arms were flexed and held close to the ag 
his knees were tensed and bent; the center of gravity was ipd ici of 
in this posture, Sketch *qd^ shows a posture in which the ш: fe 
gravity was only a little farther forward; the trunk was ae “6” 
strongly inclined backward; and the knees were bent sharply. ‘sharply 
the subject sat upright in a strained position with the legs xia föt- 
flexed; the center of gravity was a full three centimeters farthe il 
ward than in the last position. Finally, at « b," the most for 
Position of the center of gravity, the 
could and still þe able to e 
Figure 5 shows the st 


; he 
+ subject leaned as far forward as hi 
Xert positive pull values, p weak 
andard push positions in a sequence o vila 
to strong values, The mass distribution was superficially e 
with that of the pull positions ; there were, however, certain eren 
in leg and trunk Posture, as shown, which the subjects characteris were 
i ate push force. When the original кошш. 
and 6 push postures were assumed to be eem. 
later analyses showed that trunk and leg tensions altered. the bis ot 
in the ways shown in figures 4 and 5, The positions of the center 


‘ons 
; latio 
gravity shown Were based on precise Measurements and caleu 

of moments, 


A mechanical analysis of the fore, 


tated 
¢ system of our tests necessi 
f the subject? 


+ rock 
a determination о 8 center of gravity and of the m | 
vertical reaction force acting upward at the point of effective seat ir; a 
The data for at least 10 repetitions of each posture were average 5 of 
these average force values were used in the calculations of center 

gravity, effective seat contact, and Moments of rotation. 
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LYSIS OF PUSH AND PU 
AND PULL IN SAGIT] 

YN SAGITTAL PLANE %3 

Sw ae (0 


"n 
The nter cravity 8 ү е ng the s th 
center of gravi 5 
avity was calc y rminir he sum of e 
и : 2 as calculated b inî 
| | determ y 
( V) "i out the seat contact at the rear pressure g 8 us рош 
P a A an 1 Н essure gauges. Thi int 
(fig. 6) the diagram of the foree vectors present in the š stem 
B. О). The s Э З 1 
um of the moments about A (3 I \) w 5 
К; ХМ hen the subject 


positions assumed by the subject in 


Fio. 5 
Ns ; à 
Stick figures representing the 6 
flected from minimum at the 


®Xerting 
Upper үү forces arranged in order of force е 
to maximum at the lower right. 

Pulls j 

8 js: - ا‎ а 
equals S: Way + Fih — Fad, which, since the system is In equilibrium, 

8 zero. From the above equation distance 7» is obtained : 

=~ T B 


this aiy 
Pplyi es the location of the center of gravity 
ng a similar analysis to push situations We 


Fah PL — P 
= W ` 


To 
relative to point А. 
arrive at the formula: 


T. 
avity Were checked through the use 
rs of gravity and on 


Log 

ati 

lons of the body center of gr 
segment cente 


ca 
daver data on the location of 
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measures of body bulk made on the three test subjects using techniques 

of limb immersion and a pantograph-planimeter method for measuring 

trunk volume (Dempster, ^56). 
The locations of centers of gravity in body segments were known 


F. 


3 F, 


4 


PUSH fb р. 


Fic. 6. Diagram 


rated 
subject, without Te tne dest and Moment arms present when the ae 
А : or back Test, exerted + , ч ce in 
midsagittal plane, W ig the mace 1000 a two-handed horizontal force 


ass of the 


R is the reaction force acting upward at 


А va line ап“ 
subject acting through the CG line 2 
the point of effective seat contact. 


Braune and Fischer, 1889 ; Dempster, ^56) and equi 
d as accurately as possible on enlargements Е 
raphs of the most nearly average posture in each 
10 test subject, Estimated masses of segments 
nts of the test subjects; these oni 
The whole body at the points marked on the photograP 
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The moments of rotation were caleulated by measuring 
ary zero point to the segment 
“aha E, g these distances by their 

e masses. Since the force system was in equilibrium, the alge- 
sum of the masses gives the 
from the arbitrary zero point. 
asurements on the photograph 
Results of the two 
avity were ordinarily 


(-+) moment. 
the iv Г 
horizontal distances from some arbitr 
centers of eravitv 1 у х 
ts of gravity (fig. 1) and multiplyin 


braic sum of the moments divided by th 
Шешә of the overall center of gravity 
bed. in correct life-size seale, the meas 
e y Е sitate согып аш, 
Si : Н pee the location of body center of £r 

=, ew millimeters. 

Che point of effective seat contact ( 
ig the moments of F 


— the location of vector R, fig. 6) 
се determined by equatit , and Fs about № (i.e, 
isla) and solving for zi: 


р. (аа) 
n= ——— چ‎ 
1 F, 
T 1 HH H n . 
The significance of this factor will appear im ihe discussion of results. 


GENERAL CHARACTERISTICS OF THE FORCE SYSTEM 
ihe body members in 


The indiv asses are deployed 
parate downward force vector acts at 


For each posture ihe resultant force, 
es to have à specific location 


r action holds 


scula 
idual segment m 


| In all of the postures mu 
il given spatial position. 
n a characteristic pattern: 
each segment center of gravity. 
Le. the whole body center of gravity. com 
relative to the supporting surface, The average distances between the 
act with the seat and the line of action of the 
ated for subjects A. B. and С are shown 


a se 


Tear pressure gauge cont 
body centers of gravity as calcul 
In the second column of table 1. 

Tf the sketches of figures 4 and 5 simply represented various positions 
of the subject without hand grip contaet, the individual's mass would 
act downward through the center of gravity and would be opposed by 
an equal upward reaction in the same vertical line. Such a system 
Would consist of two equal colinear forces acting in opposite directions, 


their resultant being zero. 

AS the actual push or pu 

а on vector, termed here 
he same vertical line as the gr 


thj A 
his reaction vector is located at а 
The meth 


the location of the 


however. 
is not 


effective seat contact, 
Figure 6 shows that 


, from the contact of 
ating for zi has been 


] situation. 
the point of 
avity veetor. 
distance of r 
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INALYVSIS OF PUSH AND PULL IN SAGITTAL PLANE (9 


considered above; the mean values obtained for this factor are listed 
In pull position “a” (fig. 4) in which the subject 


in column 3, table 1. 
grasped the hand grip and leaned back passively, the effective seat 
In all other pull positions, 


contact was close to the center of the seat. 
ained backward and simultaneously applied his 


however, the subject str 
at the location of the effective 


weight at a more forward position so th 
front edge of the seat. 

ihe subject leaned forward passively 
t was now several centi- 


seat contact moved toward the 
In push position “a” (fig. 5), 
the effective seat contac 


against the hand grip; 
seat and behind the body center 


meters forward of the mid-point of the 
of gravity. In all other push positions the subject, as he pushed, 
contrast, the point of effective seat 
of the seat. The subject in pushing 
thighs from the seat. Thus 
entrated his effort so 
rear of the 
ng, he 


concentrated his effort so that, in 
contaet moved toward the rear edge 
ordinarily extended the knees and flexed the 
in pushing, he cone 
act was moved to the 


aximum foree in pullir 
fective seat contact 


to produce a maximum foree 
that the location of the effective seat cont 
center of gravity; whereas to effect а m 
concentrated his effort so that the location of the e 


was moved forward of the center of gravity. 
The subjeet^s mass represents а vertical downward force vector acting 


through his center of gravity; an equal and opposing vector is located 
at the effective seat contact, These two opposing vertical parallel forces 
of equal magnitude in the same plane, but not in the same line, form 
à couple. When a force couple acts upon à rigid body the two opposed 
coplanar forces, separated by a finite perpendieular distance, cause 
rotation in their plane of action unless opposed by а couple of equal 
and opposite magnitude. А full discussion of forces, couples, and 
moments can be found in such texts on mechanics as Seely and Ensign 
(48) and Timoshenko and Young (40); the problem here, however, 
is one of applying the principles to the body system. | | ww 

The couple formed by vertical forces is shown in the sketches 0 
figure 7 by unshaded arrows. The figure at the right illustrates super- 
imposed tracings of side view photographs of 10 repetitions of pull posi- 
tion “d” at the moment of maximum effort; the heavy outline shows 
the most nearly average position. Jn the sketch at the left, a wooden 
block has been substituted for the subject to simplify the force picture. 
The couple represented by the vertical force arrows tends to rotate the 


subject (or block) in & counterclockwise direction. 
When the seated subject pulled on the hand grip, the dynamometer 
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horizontal force acting forward at shoulder level. B qe 
recorded a on f equal magnitude acting in the opposite directi L 
и ak pss (solid "Had arrow in fig. 1). The = — 
coer forces at the hand and at seat level E ч тил дый 
to rotate the subject in a clockwise direction. The вне; бу chat of Mw 
wise rotation due to the horizontal forces was opposer 


PULL FORCE SYSTEM 


7 \\ 1072 
eta AG см 
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701 
KG 
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KG CM | 
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Fr. 7. At the rig 


ne 
pull position: the most nearly aye 


Р A repetitions of © 
ht are represented body tracings of 10 re petitio 


я The 
rage outline is shown in a heavy ae sol 
vertical forces aro shown as outlined arrows and the horizontal forces E and 
arrows. At the left a Tectangular block has been substituted for the subjec 
the same force veetors are illustrated with u 
magnitudes and the average values of the 
two couples, the moment of rotation of each 
Tepresented by the curved arrows. 


id 


sir 

` thet 

le exact average values for form 
ү rees 

ir moment arms, ‘These for 


jon 
se of rotat 
being shown and the кепке of 


vertical forces which simultaneously act on the 
tendency of a couple to produce 
“moment of rotation ? 


r e 
subject (or block). m 
Totation is expressed. by pm lying 
and its value is derived by ЙИШ, vate 
ces of the couple by the perpendie ione 
The force and moment values eu 
fed at the right of figure 7 are? 


от torque, 
the magnitude of one of the {ог 


distance between the two forees, 
lated for the pull position illustra 
shown on the block diagram. 
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ecorded by hand 


Figure 6 represents the type of reaction vectors T 
ctor recorded by 


and seat gauges. For a pull force, the horizontal ve 
the hand dynamometer, Fa, or its reciprocal, recorded by the seat dyna- 
mometer, Py multiplied by the perpendieular distance (hk) between 
their lines of action gives the torque or moment of rotation produced 
by the horizontal couple. For а push force, the horizontal vector 
recorded by the hand gauge, Fa, or bv the seat dynamometer, F,, multi- 
plied by the distance (c) between them gives the moment produced by 
the horizontal forces. The moment produced by ihe vertical couple is the 
produet of the mass of the subject (W) or ihe reciprocal reaction at 
the seat (R) multiplied by the perpendicular distance between their 


lines of action (a). 

It follows from the above that any body action which lengthens the 
Moment arm of the vertical couple for а constant force will necessarily 
increase the moment produced by the horizontal couple. When the 
Subject strains and adjusts his position of effective seat contact relative 
to his center of gravity in such a way as to inerease the moment arm 
of the vertical couple, he simultaneously increases the pull oF push 
force at a fixed height ‘above the seat. Analyses of each of the standard 
pull postures sleet the same qualitative relationships recounted here 


э the one posture figured. 
Figure 8 presents à similar an 
Central outlined figure of the sketch a 


average position, and the stippled halo about this f 
range of position for 10 push repetitions. A block diagram analogy of 


this push posture appears at the left. Here, aS in the pull force system, 
the two vertical forces form а vertical couple (outline arrows), which 
ìs balanced by the two horizontal forces of a horizontal couple (ШЕ 
arrows), û. e., same moments in kg em. In contrast to the pull pem 
the line of action of the effective seat contact was to the rear of the 0 
of action of the subject’s mas the lines of action of the horizonta 
forces were reversed and the sense of the moments of rotation pro- 


duced by the were reversed. | 

On hn ies ue sketch of figure 8 circles represent e leu 
Masses of individual body parts; arrows directed downwar ^ is е 
the lines of action of these masses. The masses Were calculate тош 
Measurements of bulk made оп the subject, and their vectors were 
located at centers of gravity based on cadaver data. Аз explained earlier, 
data on segment mass provided a means of checking the accuracy of the 


alysis of push position «g»; the 
“at the right is the most nearly 
igure represents the 


S, 
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q Ч \ 
1 gravity. = 
of i ines of w ! body centers of eravit) 
ale tations of action lines of whol ij adi 
calculated locations н ol p den 
e i lation of the counterclockwise Moment produced D D munis { 
the i sale about the center of gravity should be equal an ы г абв 
Trunk г ; d 
0 Ў A f the masse: RSS К 
:loekwise ment roduced һу the sum o ben 
the cloc Wise - І s for the subject and mean push posit 0 
body segments. These Moments for 1e subj 
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sitions 
halo represents the range of body | ш 
°; the most nearly average position а shown 
ize of the masses of body parts eae 
nes of action by the vertical arro 


" Similar 
— 340 kg em, respectively. a the 
ions Were used as a check 
location of Whole boq i 


Figure 9 js a 


М ees 
of а rectangle and the rl 5 
of the couple, form the a pun 
Tea of Tectangle А, the stipple 


between these forces, the 


rizonta] Sides 
s 
sides of the rectangle, 


moment arm 
Hence the a 
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l3 а visu TTE А 
zontal сае - the moment of rotation produced by the hori- 
of rotation dh = ч area В, erosshatehed, represents the moment 
а ial Е у Aie vertical couple. Area A is equal to area B 
о vm edle | Thus the moment of the horizontal couple has 
[б OEE E - vertical eouple but the sense of its rotation 
ЕНУ Fomina чын. ie tilts farther forward moving the center of 
(constant) loss i ine وب‎ the distance between the two vertical 
s increases, and area B becomes greater. If the force 


Е 
МЕ tr these figures a wooden block is substituted for the subject. The 
in the push Ород ЫН force couples with their moments of rotation are shown 
of rotation Bystem at the left and the pull system at the right. The moments 
bulancog | aug shown as rectangular areas (A and B); their magnitudes ina 
System are equal and their direetions of rotation are opposite. 


e an equal increase in area А. 


re must b 
lt the horizontal 


h increasing ti 
brium situation. 


Sy; 
о cuam in equilibrium, the 
ics 1e moment arm decreased wit 
must increase notably for the equili 
yi, adir the conditions of the experiments the distance between the 
of pull (or push) at the hand grip and the line of opposing force 
s fixed, i. e., the subject 


Tecor 
her wur by the compression gauge at the seat wa 
not alter the moment arm of the horizontal couple. Neither could 


the magnitude of his body mass; hence, the size of the vertical‏ ا 
order i orce was fixed also. The only changes possible for the subject in‏ 
md o increase hand force, were à lengthening of the horizontal moment‏ 

rough: (1) a change in the position of his whole body center of 
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gravity and (?) an adjustment of {һе point of effective seat contat 
A simple tilting of the block moves the center of gravity relative to n 
lower contact corner. The subject, however, has a broad area of buttock 
(and foot) contact with the seat. The force per unit area (i. e., stress) 
can concentrate at different parts of the area of contact; normally for 
the simple rest position the stress will be highest at the ischial fur 
berosities. Through muscular effort and by virtue of a contact with 
the hand grip the subject may bend certain joints and extend others 
and in this way he may concentrate the point of application of force at 
the seat either forward of the center of gravity (toward the hand grip) 
or behind it (farther from the hand grip). He thus lengthens the 
moment arm between the line of action of the body center of gravity 
and that of the effective seat contact. These changes in body tension 
which result in different points of force application can often be effected 
with very little change in the location of the whole body center of gravity. 


THE MUSCLE CONTRIBUTION 


Figure 10 illustrates muscle tensions which were observed by palpa- 
tion. In pushing there was a general tension of arm, chest, and anterior 
abdominal wall musculature. Tension was felt also in the hip flexors 
and knee extensors, Extension of the legs 
gravity forward tended to increase both the clockwise rotation and the 
magnitude of the push force; thigh flexion which decreased thigh contact 
with the front of the seat moved the effective seat contaet to the rear 
(è. e., to the ischial tuberosities), In pulling, tension was felt in the 
arm, shoulder, and deep back musculature. Activity was noticed in the 
hip extensors and knee flexors. The former moved the effective seat 
contact forward, off the ischia, to the thigh contact with the seat; the 
latter action tended to Prevent pulling the body off the seat by moving 
the center of gravity to the tear. In both positions these movements 


of body parts effected by muscle actions increased the moment arm of 
the vertical couple. 


Е { 
and moving the center О 


MOMENTS AND FORCES 


On the basis of this analysis of the mechanics of our system, the 
subject should obtain the largest pull or push values when the moment 
arm of the vertical couple is greatest and the smallest pull or push 


values when the moment arm is least. Figure 11 illustrates the pull 
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Vie. 1 
. 10. Muscle i 
scle tensions observed by palpation when the subjects effected 


horiz 
zontal pull and push forces. 


— 
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PULL | PUSH 


Fro 
. ll. Stick ИЄ 
Stick figures showing the push and pull positions in which в subject 
m horizontal force values. 


effe. 
cted the j 
ie i 
indieated maximum and minimu 


56 б. Е. L. GAUGHRAN AND W. T. DEMPSTER 


and push postures in which the subjects obtained maximum and gl 

mum force values (cf. &ubhe 1). Ly Pull posture “a” (lower у im 
which the subject leaned back passively grasping the hand grip and 
in push position “a” (lower right) in which t 
passively on the hand grip, the moment arm 
minimal; notice that the horizontal forces were correspondingly small, 
In pull position “{” (upper left) and push position “f? (upper right), 
however, there was a considerable distance between the vertical forces 
(i. e., the moment arm Was maximal) and there was a correspondingly 
greater value of the horizontal force. The mean values for the moment 
arms of the vertical couple are listed in column 4 of table 1; the magni- 


tude of the horizontal forces are listed in column 5. Columns 4 and 5 
of table 1 show an increase in the size of the 


sponding to an increase in the length of the 
couple, 

The hand dynamomete 
shoulder leye] for subjects A and B; the same he 
subject although A was somewhat 


Subject C was tallest in trunk height and he could use only one push 
and two pull Positions at the san 


ne height as the other two men; 
consequently, the dynamometer height was «et three inches higher for 
5 pushes and 4 pulls, 


ке the moment arms of the vertical couple for a subject were 
er ed iex ordinates against the related horizontal forces as abscissae, 
û Straight line plot w ach instance (fig. 12). The slopes 
ulls indicated that subject A pro- 
T à given horizontal moment arm 
x zraphs was drawn thr h points resulting 
оаа р! ough points 5 
igher dy sition than for the other two subjects ; 
ares) fell well to the right of 
namometer position mentioned 
Damometer hight are considered, 

ced 
1 more force that who, in turn, produced more 


he subject leaned forward 
of the vertical forces was 


horizontal forces corre- 
moment arm of the vertical 
T was set at a convenient height at about 
ight was used for each 
shorter in trunk height than B. 


0 
pective of ¢ 


muscular action Put into the effort, 


— ت‎ 
——MMÀ ái 
—— 
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GENERAL PRINCIPLES 


The force system that has been analyzed truly consists of a closed 
chain (fig. 2) with an organic and inorganic component. The former 
consists fundamentally of the body links between the seat and the hand 
grip (i.e. pelvie region and trunk, shoulders and the parts of the free 
limbs) and the other formed by the frame which supports the seat and 


MOMENT ARM OF VERTICAL COUPLE (CMS) 


о 10 20 
HORIZONTAL FORCE IN (KGS) 


о. 12, Т gi g з B y three subjects 
i izontal forces effected by t 
3 P » average magnitude of horizon iod в С 
i Fr . 19, 2. ie B, circles; C, squares) plotted Voir p 2 ets 
Subject A, triangles: D, г пар чае . 
ave * spin eed atn of the vertical couple for 10 repetitions of 6 different push 
“rage тоте 


and 6 pull positions. 
amometer, dynamometer support bar, 


hand grip (ie, hand grip, dyn al 


s. es 
ights id-level horizontal, the horizon 
Es. E UA contr саай contacts with the frame). 


Ol owe ber mm. ai ds vertical and horizontal force system 
ra 


A ile side Р ; it should 
u— уен. and framework is uncalled for here; it shou 
rating 5 


sed by stresses 
be appreciated that any pull or push ues "e те ction of 
E. E бее of the framework. It is only prone үт у э» 
Counterforces (measured by the several — cede us S 
can express forces on its environment. In the rota dia elvis 
sired muscular tensions simply concentrate the stresses to р 
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or to the femora and thighs in different patterns. The contact with the 
hand grip as well as with the seat is a necessary condition for the 
development of the couples which have been treated above. 


USE ОЕ ЕООТ REST 


The same principles apply when a foot rest is utilized. The sketch 
at the left of figure 13 illustrates the force system involved in the use 
of a seat plus a foot Test in horizontal midsagittal pulls. In the position 


і E the force 
Wo different heights, 


* seat to the foot rest. The 
Subject in this situation was 
the moment arm of the 
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subject's weje — € 
ae : y же сүс» posed һу a reaction force of the 
of this Efe ш rest (vertical arrows). The moment arm 
The зс € e was 70 em and the resultant torque was 4774 kg em. 
"lem S produced by the two couples (areas 4 and B) were, within 
T) асу of Measurements, in equilibrium. 
dn ی‎ this system is identical to that involved in the 
касу E utilizing seat alone. Here, however, the length of the 
нев S the vertical couple was increased by moving forward 
ШП Бн ү Jody contact from the seat to the foot rest. It is to be 
seati a ut the point of body contact was lowered. For a more 
bir ie м of dead weight, the foot rest should have been located closer 
ees orizontal level of the hand pull. It will be apparent from the 
gram that push forees on a foot pedal will be maximal for the same 


conditi s xh А 2 
litions which bring forth maximal hand forces. 


USE OF BACK REST 
т 
i The back rest introduces a wholly new problem. In a series of tests, 
f back tos : REGE 
ack rest was placed at sacral, waist, xiphoid, and shoulder levels. 


Horizontal forees for one subject resulting from pushes at shoulder 
respectively. Two of these 


height were: 19 kg, 30 kg, 33 kg, and 40kg, 
the sketches at the right of 


) uM á H H H 
на, waist and xiphoid, ате shown by 
igure 13. Essentially the same torques due to body dead weight operated 


whether a back rest was utilized or not and the hand force would be 


Proportional to the moment arm of the vertical couple, but an additional 
rest was used. The back 


factor entered the force system when а back 

Test supplied a stabilizing support against which upper limb and trunk 

muscles could operate to exert a direct horizontal pressure along the 
For the subject tested, 


body links between hand grip and back rest. 
t at waist height was 


force utilizing a back res 
e value obtained by the use of dead 


the horizontal push 
t inereased as the back rest 


Increased by almost 20 kg over th 
Weight alone; the value of the incremen 

Was raised to shoulder height. 
In the lower right sketch of figure 13 the couple involving the 
“a” and the action of arm and 


Subject’s dead weight produced a force 
trunk muscle tensions resulted in a direct horizontal pressure “Е”; 


to produce force * E," the subject elev 4 his shoulders, arched his back, 


and tightened the extensor muscles 0 
across the arched strut between the back 


Pressive force acting obliquely 
rest and the hand grip. The sum of the two horizontal components 
(F and a) represented the magnitude of the horizontal hand push. 


ate 
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forces could 
If a shoulder harness were attached to a back T лди 
be augmented in a reciprocal way. Now the pull for E pr ен неў 
the horizontal moment arm of the vertical (weight) eia haud grip. 
supplemented by muscle tensions operating along the chain: g 
arm and shoulder, harness and back rest. 


OTHER APPLICATIONS 


: TEES 
itende er situations it 
Although measurements Were not extended to other 


1 д 
apparent that the two principles outlined above (dead : а 
and direct forces due to bracing) are not limited to the seated E " 
A sidewise standing push or pull at shoulder height will be grea sis 
the feet are planted far apart. Tf the near foot ix lifted and the b К 


"Pie y vh wil BG 
weight is centered well ahead of the implanted foot, the push w 
augmented. Conversely, 


if the rear leg is lifted and the near "^ 
replanted firmly, the body weight acts well behind the near foot T 
pull force will be high. Again, a lower height of push or pu 


sa 
produce greater hand forces till foot friction with the ground forms 
limiting factor. The addition of 


; асе, 1, @., ап 
à tension or compression brace, t. es t 
inorganic linkage from h 


апа to trunk, will permit the additional mim 
of museular forces across the upper limh links. For the seated [open 
4 compressive brace at (or above) hip joint level will permit high Ton 
pedal forces; if the tronk leans backward to produce a vertical = 

couple the back rest will need to be at Perhaps lumbar level (Wedde 
and Dareus, 47; Rees and Graham, 752) for highest force values. "" 
Further study of #symmetrical one-handed or one-footed statie а 
additional information concerning bracing and the 


should bring out 
action of couples in planes other than the ¢ 


А ms 
sagittal; dynamic proble 
also warrant attention, 


SUMMARy 
n investigation of a st 
lest subjects and 
vonents were 
symmetrically 
exerted a steady two-handed р 
sagittal plane. 
(1) the subjects pos 


This study was a 
chain type between 
and inanimate com] 
A nude subject, 


' alose 1 
atic force system of the clo: p 
) waaie 

^ rigid framework; the anima 
linked at both the h 


acís. 
and and seat contact 
placed on a se 


rost, 
at without foot or back rt 


ing: 
d a means of "n 
maxi К 2 1 
a maximum force, (2) а 
ze a 
front and rear of the seat. 


| арлы КУ" 
action forces at the hand grip and 
sed and 10 т 


(3) the maximum 


Ве all 
epetitions were made of 
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tex enamine 
either couples es ane a T j ie i a : Linc car 3 a ое psum, 
be involved. Two ini e 2 {в ^ hirci Е : pum. i ed mei E 
ый refine in. к gor | ges ting in equal moments of rotation 
g pposite direetions, were recognized in the system. One 
couple, involving forces due to body weight, was composed of a down- 
ward force vector acting at the body center of gravity and an upward 
Counterforce localized at the effective seat contact. The other couple 
Involved the horizontal force exerted on the hand grip and the horizontal 
counterforce at the seat. The data from the study show that the subject, 
by muscle tensions, during hand pulls or pushes can change the location 
of the focus of a seat contact anywhere between the ischia and the lower 
thigh and thus alter the moment arm of the vertical force couple; the 
magnitude of the horizontal force is directly proportional to the moment 
arms of the body weight couple. 
The introduction of a foot rest changed the point of seat contact 
from the seat to the foot rest, increasing the moment arm of the vertical 
couple and causing a greater resultant horizontal force. This modifica- 
tion, however, did not alter the basie mechanics involved. The use of 


a back rest, in contrast, provided a means by which the subject could 
exert a direct compressive force by tensing muscles against the resisting 


contacts to augment force values obtained by dead weight alone. 
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The i 8 
unda Animal. By WESTON LaBarre. University of Chicago 
Press, 1954. Pp. xv 4-372. $6.00. 
" In this attempt to formulate a unified anthropological view of man, 
e two main categories of interpretation are man s biological evolution 


and the orthodox psychoanalytic theory of human behavior. 

LaBarre is interested in culture, interpreted 
In fact, he is so insistent on the 
to man time and 


As an anthropologist, 
as a functi Төбе i 
as a function of biological evolution. 


bio ^ Y а p 
logy of culture and human behavior that he refers 
In depicting man’s organic evolution 


species, and particularly 
resemble 


again as “the human animal.” 
he makes extensive comparisons with other 
with the apes. One wonders whether apes today more closely 
the behavior of some common ancestor than we do? 

All mankind is one species, says LaBarre, with the important dif- 
being functional or cultural, rather than 
It has freed man from biological 
the emanci- 
on what- 


ferences between “races” 
biological. Culture is “ man’s ecology.” 
evolution for him is cultural. 
from any other organic evoluti 
n and organic experiments have come 


t aspect of cultural evolution is its 


evolution; continued ides 
pated hand has emancipated man 
SOever ps. i i 

oever. With man, genetic evolutio 


a an end? (p. 89). An importan 
fantastic speed " when compared to biological; in addition, man has to 


рау no genetie price in physical specialization for his cultural evolution. 

Chapters 10 and 11 are concerned with the analysis of com- 
munication, and the change from phatic to symbolic. The former gives 
“information about an individual animal’s state of mind” (р. 57), and 
commits LaBarre to anthropomorphism (рр. 8, 18, 57, 165, 334) ; the 
latter refers to language. The development of language is related to 
biological evolution: language could have been developed only by an 
animal with man’s organic evolution. LaBarre demonstrates quite 
effectively that our conception of reality is determined for us by the 
Structure and concepts of our language. Thus language, which is the 


means to knowledge, is also effective in forever concealing from us the 
3 t were we free of language. The 


Picture of reality as we would find i 

effect of this cogent argument is later dissipated, however, when LaBarre 
tries to show that language 18 basic ional rather than cognitive. 
| Cultural behavior, which js dis and singularly human, is 
interpreted by LaBarre in terms 0 hoanalytie theory. 


V 


ally emot 
tinctly 
f orthodox psyc 
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Everything centers around the oedipal situation and m эртыше 
breast. Relations between the sexes, and differences in behavior 

the sexes are biological-psychoanalytic : for баре, 
male, but “biologically, women are closer to realistic 
212). It is “small wonder” that women in general 
logical-minded than шоп... They 


LaBarre’s hatred of the father and 


generalization is 
particulars ` (p. 


are more “ psycho- 
have to be. biologically.” (p. 215). 
adoration of the mother is not based 
on empirical investigation but on faithful acceptance of ا‎ 
his own god, namely Freud. One wonders to what extent this bio оше: 

psychoanalytic theory is 
For example, in what w 
by applying individuali 
what LaBarre doe 


or сап be useful in relation to further study. 
ay will the study of human culture be died 
stic concepts to collective phenomena? This s 
s when he concludes that the Wisdom of a ае 
“is often enough mere senile dementia,” (р. 365). Psychoanalysts 
may agree with LaBarre’s 
interpretations to cultural evolution, hut 

The last chapter, * Three Minutes to 
the current scene. Militarism and political 
imminent threats to continued cultur 
now and has for long 

Whatever one m 
it should be s; 


unrestrained application of psychoanalytic 
hardly any other group will. 
Midnight. is concerned иШ 
absolutisin are conceived =й 
al evolution: human speciation is 
been cultural rather : 

ay think of specific details of The Human Animal. 
lid in its favor that I 
throughout, even though it m 
his conclusion th 


Шап organic, 


{ i - stated 

ADarres position is openly stat i 
: = (ds 

üy be Controversial, A good example 

at the hypothesis of the xou] i 


. H 1 O 
ха garment ill fitting 
is poor physics 


modern man: jt bad embryology, bad biology, poor 
Psychology, and “a wholly inadequate anthropology.” (p. 302). | 
The Human Animal, because the theme of the biological diese 
S through it from beginning to end, will probably appeat 
se whose intellec ation is to biology. 


Wayne University FRANK E. TIARIUNG 
Detroit, Michigan 


Teamwork: in Research. Edite 
HATTERY. 191 рр. The 
BE, 1958. $4.00. 


- 3 

d by GEORGE p. Busi and Lowrun 1 
Р eo s 

American University Press, Washingtor 


Interpretations of the term 


“human biology ^ 
Supported by the existence 


уагу. One definition. 
of Monographs so label 


" : 1 ci- 
led, is *an interdis 
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"* With behavior 


PONI study of man as a biological organism 
OPEL Ж. link between. the natural and social sciences. the boundary 
must remain open. a 
ИР. b npe verd area, team research represents: the dominant 
bilem 1 peration. For this very reason the present volume is of 
' mite Interest, even though the specific problems of team research in 
uman biology are not considered in detail, and the case studies cited 


draw : j ; i i 
on applied physics. operations research. and the seience of 


computation, 

The volume is an outgrowth of the third Institute on the Adminis- 
tration of Scientifie Research and Development, sponsored by th 
Хаин r «i щй ic 10 REZEN anc € OED I nsorea DY . le 

10; niversity, the National Research Council, and the American 
оерп for the Advancement of Science. It is a sequel to Scientific 
esearch: Its Administration and Organization (American University 
Press, 1950), ` 
. The trend toward team research was accelerated by war-time projects. 
Some of these demanded a pooling of skills and knowledge which could 
Only be provided by individuals with different scientific and technical 
Specialization. The effectiveness of cooperative efforts in handling com- 
plex problems wa amply demonstrated by such dramatic advancements 
as the development of the proximity fuse. At the same time, this modus 
Perandi poses numerous problems not encountered by individual special- 
Its working alone or with a few assistants on problems of limited scope. 

The present volume is concerned with several aspeets of team 
Tesearch. In addition to the case studies, noted above, it consists of 
1? papers grouped under the headings of Organization for team work, 
Personnel factors, and Aids to teamwork. There is an introductory and 


concluding chapter by each of the two editors. 
not expressly interested in administrative 


Research workers who are 
Matters will still find the reading rewarding. Perhaps the “sideline” 
comments will be found most instructive. Do you not agree that all 
research is a type of production and as such must be planned, budgeted 
ў been in the past and will 


and scheduled (р. 25) ; that universities have 


Continue to be the prime movers in the field of basic research (p. 39) ; 
es are likely to stress practical 


fhat, in contrast, governmental agenci i 
results and are not too anxious to wait around for a more basic under- 
standing of a subject (р. 65); that the optimal size of a team is between 

* A. Keys, J. Brožek, A. Henschel, О. Mickelsen and Н. L. Taylor, 1950, The 
Biology of Tamah. Starvation, University of Minnesota Press. 
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4 and 10 (p. 66); that adequate communication is a key factor in 
maintaining an effective team (р. 14) : that there is an optimum in the 
pressure exerted to get a job done and that the ereative activity — 
the group goes down if the pressure is substantially inerea or daere 
(p. 77); that the primary goal of any research administration is to 
maintain environment conducive to good research (p. 105); that an 
important facet of the research director's job is to clarify and to keep 
clear the ultimate aim of the investigations, inviting every member ol 
the team to participate to the limit of his capacities in reaching out 
towards the common goal (p. 136) ; that unless the individual workers 
and the team as a whole are kept properly oriented and inspired, the 
chances are great that the product will soon sink to a level of mediocrity 
(р. 143) ; that the spirit of an institution transcends its formal organiza- 
tion and that the organization chart represents merely a framework. 
with the real dynamic power lving in the 
organization and in their motiv 
nized objectives? 


individuals who make up the 
ation to work together to achieve recog- 


In summary, as disciplines fragment due to ever-increasing specializa- 
tion and as problems increase in complexity, the need for a coordinated 
cross-disciplinary approach increases, is the normal state, and is man- 


datory (p. 186). This applies directly and definitely to all of the 
larger problems of human biology. 


Joser BnoZEK 
University of Minnesota 


Minneapolis, Minn. 


The Psychological Variables in Human Cancer: A symposium. Edited 
by JOSEPH A. G 


f ENGERELLI and FRANK J. КїїкхЕн. 135pp. Uni- 
versity of California Press, Berkeley, 1954. $3.00. 


It is no longer novel to hear claims that psychological factors are 


significant in the etiology of the Progress of physical disorders. It is 
novel, however, to find physicians and psychologists joining in an all- 
day symposium on Psychological factors in neoplastic disorders. Let it 
be pointed out immediately that no Опе connected with the symposium 
claimed that thoughts or feelings can cause cancer. They did claim, 
however, that mental activity can influence the progress of the disease- 


marized in one Sentence, it would £9 
lent is serene he will do better with his 
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bene if he is anxious or otherwise agitated, his prognosis is poorer. 
Mee, аи d жүн, Пн, hamen ERAGE 15 a psychosomatic 
ч шу. in the course of the disease. 
Phe symposium involved 6 reports with scheduled discussants for 
It was he who claimed 


the first 5 . 5 
E first 5. M. Cutler * sung the theme song. 
thi : RU а à i s 

at, in his experience, patients who were *serene"—those who had 
in, themselves, or in any other factor— 


faith in their God, their physicis 
had a better chance for recovery. 

Perhaps the most dramatic episode of the symposium was registered 
by the second participant, P. M. West. He described a patient who was 
Plone for stomach carcinoma which was found to be nonresectable. 
Cancer cells were found in most of the stomach, the surrounding tissues, 
and even in the liver. The patient was discharged with the belief that 
i Operation had been suecessful. Nine years later he was readmitted 
With a fatal heart disease. Autopsy showed no tumor cells. His wife 


Said that “her husband had . . . had [no] stomach distress . and 


had been perfectly well until the day of the heart attack.” 


n : "e 
The remainder of Dr. West's report traced the history of his con- 
clusion that psychological factors play à role in the course of cancer. 

n—in fact, the 


He was the goad for the other reports of the symposium 
Symposium itself. 

F. W. Ellis, a colleague of Dr. West at the Veterans Administration 
Hospital at Long Beach; California, presented case summaries which 
tended to support the general theme of the symposium. Two reports 

psychologists. E. U. Blumberg 
Personality Inventory and 
patients with fast-growing 
a discussant, presented a 


Tepresented doctoral dissertations by 
concluded that the Minnesota Multiphasic 
the Rorschach test, together, could separate 
and slow-growing cancer, and B. Klopfer, as 
Convincing theoretical analysis of Blumberg’s results. 

T. L. Clemens sought to test the hypothesis that apparent hyper- 
activity of the sympathetic branch of the autonomic nervous system is 
Prejudieial toward recovery from cancer. Specifically, he tested patients 
with slow and fast-growing cancer and found some significant differences 
in autonomie function. llis results need verification, as do Blumberg's, 

the theme of the 


but the conclusions of both are in harmony with he 1 
Symposium. The concluding report, by the chief psychiatrist at the host 


hospital, J. S, L. Jacobs, was an erudite presentation of the concepts 
Of host-resisimnce and host-acquiescence with an argument for the value 


Of the latter in some psychosomatic disorders. 
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i i ; i ras le d. Tt was held 
The reviewer believes that the symposium was ill time d pesci 
too soon. Neverthless. the observations deserve attention and the не 
; xum i i as essentially valid. 
clusions reported in this symposium may be regarded as essentially va 
8 ; gx ie” di : Te are Ways 
Apparently, cancer is not just an “organie " disease and there arc | 2, 
н ane i 1 i H z " T qe 
of alleviating its destructiveness involving other tools than those o 
radiologist and the surgeon, . 
= á M. A. WENGER 
University of California 
Los Angeles, California 


Social and Psychological Factors Affecting Fertilily, Volume 4. н 
by P. К. WrrLPTON and Сотов V. Kiser, vi 4-801-TUS6 pp. 
Milbank Memorial Fund, New York, 1954. $1.00. 

Culture and. Human Fertility. Edited by Fraxk Lorimer DIU pp. 

Unesco, Paris, 1954. $4.50. 

Induced Abortion on Р 


еке ав 238 Dp. 
sychiatric Grounds, By Manrix Ergan. 238 pl 
Ejnar Munksgaar 


d, Copenhagen. 1953. 
Sexuelle Konstitution. 


By HELENE STOURZI-ANDERLE. ix + 20 pP. 
Wilhelm Maudrich, 


Vienna-Bonn, 1955. $0.25. 


The first of these volumes, number 4 in the series of the same Bu 
contains 7 further Studies. Swain and Kiser examine the interrelation- 
ship of fertility, fertility planning, and ego-centered interest in вый. 
Schacter and Kiser inquire into the fear of pregnancy and childbirth. 
Westoff, Hererra and Whelpton discuss the use, effectiveness, and accep- 
tability of methods of fertility control, Westoff and Kiser make ка 
empirical re-examination and intercorrelation of selected factors —mari- 
tal happiness, feeling of personal adequacy, tendency to plan in general. 
and feeling of economic Security, Kantner апа iser examine the intel 
relation between fertility, fertility planni 
mobility. Riemer and Kiser 
mobility in relati 


ig, and intergenerational sd 
оп economie tension and а 
Planning and size of planned ши 
port on the relationship of family 512 


3 m че Tote- 

ajor contribution. NO à 
"an. * д ё е пе. 

amount of the origin of the volu! 
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a nd Lorin Ё 1 
ıer contributes a most sti i 
"s d si stimula а га i > secti 
HERE бр e н : ul ating and valuable section on 
e h У which wi be of equal interest to cultural anthropolo, ists 
In part two Professor Fortes reports the resulis 


as to human biologis 
of a valuable fi js 5 i 
э — field study in Ashanti, West Africa. Fortes makes much 
"w informati avail i i е 
ormation available and brings valuable evidence to the support 


of the theory of мн 
1 theory of adolescent sterility. In pari three К. А. Busia dis- 


pects of the relation ог soeial conditions to human fer- 
nn E scien е апі lieining report on fertility 
гео Нов NE n anc uhay a dn 19 and indicate something of the 

` obtaining reliable demographic information among non- 


literate 
tte peoples, In part five Mortara reports on the Brazilian birth 


cusses some : 
tility in the Gold Coast. 


i: There is a good index. 
н ndinavia shelters one of the most civilized populations in the 
orld, ie : 
In Sweden there has been а law which enables women, who 


asons woul g- 


rate ¢ й Е 
and the economic and social factors. 


1 suffer from an unwanted preg 
In the present monograph 


for psychological or other r 
nde its issue, to undergo an abortion. 
al s rtin Ekblad reports on а follow-up study 
abortions were induced on psychiatrie grounds. 
w. and his conclusions are 
ally beneficial, and he recomm 


erilization 18 indicated it should 


of 479 women in whom 
á llis study is as exhaus- 
tive as such a study ean | that on the whole 
the abortions were personally and soci ends, 
Әһ very good grounds, that where sf 


more fr Е 
ore frequently be induced. 

rn >з А T +з 
The last volume is the first in a new entitled Wiener Beitrage 


oni Sexualforschung under the editorship of Dr. W. F. Brix. Seauelle 
Konstitution is a popularly writte of a type which one associates 
with Vienna, the Blue Danube. and * Gemütliehkeit." The book is about 
the constitutional basis of sex. not а scientilie work, but the reflections 
чш author on sex with especial reference to constitution, psychopathy, 
criminality, and genius, in which the data of science are used as the 
ашһог chooses with a preternatural reliance on secondary sources. Most 
ol the important work done outside German-speaking countries is largely 
neglected by the author. The facts are often questionable. and the 
author's opinions are usually debatable. This does not, however. prevent 


them from being both interesting and interestingly expressed. 


series 


n work 


ASHLEY MONTAGU 


Princeton, New Jersey 
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x “RTON TTO G. ном. 
Man in a Cold Environment. By Aras C. Вентох and Отто G. Enti 
xiv + 273 pp. Edward Arnold. London. 19535. 96.75. 


The relationship between man and his environment is becoming о 
complex as the inhabited areas are rapidly expanding toward Че " ay 
and to zones well above and below the surface of the earth. { ^ 
common to much of this extended domain and it is urgent to increase 
our understanding of the impact of cold on man. A unique уйн 
and interpretation of the status of our knowledge of this subject by tw E 
well qualified authors is not only welcome and valuable for Dix RES T 
orientation but should stimulate further interest and work in this 
important field. 

Several features of the boo à 
Tor describing heat exchange js followed throughout ; overall organiza- 
tion and chapter organization is excellent ; 
maries reinforce points the authors Wish to stress. Treated in turn are 
philosophy, physical concepts of heat exchange, physiological mainte- 
nance of the thermal steady state, impact of the environment on 
animals апа man, consequences of acute and prolonged heat imbalance. 
and future problems for research, Selected pertinent literature relevant 
to these topics is critically presented, analyzed and discussed. Several 
un-numbered tables, 75 figures and illustrations and numerous equations 
Support the text. Since the cut-off date for published literature was 
December 1951, workers in the field wil] note instances where data from 


subsequent experiments have modified interpretations and conclusions 
(for example, the Tecent work of Rod 


1 siste seheme 
k are outstanding: a consistent sche 


and the many topical sum- 


se of the monograph was to make available: s 
man in the cold. This aim was modified 
t of importance was found to be small : 
in many of these reports. This comment is no doubt true but perhaps 
many of these reports contain “burjeg > information, which, if subjected 
to consolidated statistical analysis, would Provide valuable information. 
Since an analysis of this type was beyond the Scope of the present con- 


tribution, a thorough review of the wartime work still remains to be 
accomplished. 


R. E. BUSKIRK 
Stress Physiology 


QM R and D Command 
Natick, Mass. 
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Cold Injury, Third Conference. Edited by M. I. FERRER. 226 pp. 

Josiah Macy. Jr. Foundation, New York, 1953. 

The third conference on cold injury was held at Fort Churchill, 
Manitoba, Canada, during the month of February 1954. Thus, the 
panel of participants was unequivocally close to the topic of mutual 
Interest und discussion. Various workers presented their findings on 
pertinent problems asociated with cold exposure, including interrelation- 
ship of circulatory and metabolic factors, metabolic study of the Eskimo, 
Comparison between Eskimo, Indian, and White males, fat distribution 
and respiratory quotient, diet and survival, and the roles of ascorbic 
acid and subcutaneous fat in the prevention of cold injury in man. 
Spirited criticism and discussion of each presentation took place. Sup- 
plementary data provided by discussants is included in the text for the 
readers benefit. In addition, the reader benefits from critical evalua- 
tions of the papers. Frequently. however, he is confused by the lack 
of continuity of discussion. Unfortunately, summaries of pertinent 
findings are not included. This seems to make the present book, and 


In general, most books of this type, incomplete. 
E. R. Buskirk 


Stress Physiology 
QM R and D Command 
Natick, Mass. 


Genetics and Metabolism. By Вовект P. WAGNER and HERSEHEL К. 
MITCHELL. xi ++ 444 pp. John Wiley, New York, 1955. $7.50. 
The statment E. B. Wilson made in 1896 that ©... inheritance и 
the recurrence, in successive generations, of like forms of eden 
has lost none ot its validity. The book by Wagner and pice e 
highly successful attempt “to assemble the data which pow e 
Concept, Tt is quite clear that hereditary factors control pa ым 
Metabolism, but the mechanisms through which the = E + 
re still very incompletely understood. This book is per wae fate 
to point up the problems which must be solved before hys و‎ 
®*equainted with the genetic mechanisms of metabolic contro in : 
Tore provides the REME valuable stimulation which generally comes 
from pioneering endeavors. е 
The authors provide a lucid introduction to genetics an 


d a descrip- 
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tion of cell structure and function in the first two аида; ped x 
essential for the non-geneticist if the rest of the book is : M 
purpose. Fortunately, the authors also teach a good bit of c 

in the subsequent chapters, which will be 
to all other non-chemists. 

Most of our knowledge of the ve 
comes from studies with a mold ( 
mice. It might seem that these 
to provide anything of x; 


; j i iology. 
value to an understanding of human biolog) 
However, the fundamental rel: 


as helpful to geneticists as 


i ý ic patterns 
netic control of metabolic patter | 
j 'rul jes anc 

Neurospora), bacteria, fruit flies д 
Bite # relatives 

tiny forms of life are too distant relat 


tionships between gene and we, i 
probably very similar for all forms of life as the VIMUS ди б 
heredity function in the same ways in both men and molds. Phere Ч 
very little in this book which is nol fundamental to an understanding 
of the physiology of man, 

An excellent chapter on cytopl 
reader that the authors were 
conception of the re 


asmic inheritance should convince aed 
not lost in their genes. They have a je 
of eytoplasm and nucleus, ei 
an metabolism will proceed fastest if the 
and c à 
ading but as a course of 

worker anywhere in the field of human 
biology. 

SHELDON C. REED 
University of Minnesota 
Minneapolis, Minn, 


An Introduction to Human Bioch 


iv + 96 pp. Cambridge U 
1953. $255. 


emical Genetics, By H. Hanns: 
niversity Press, London and New York, 
The study of human biochemical Senetics was initiated at the be- 
sinning of this century almost simultaneously with the rediscovery A 
the Mendelian Tules for heredity. An English physician, Sir А. E 
Garrod, was Tesponsible for much of tho early interest in human bio- 


chemical genetics. In the last decade the subject has flourished and 


main advances since Garrod. ту 
ae n sa Н ver) 

cal variation in man is still of 

to a rather haphazard series 


А 5 ance 
Covered are of prime import 
“human biologist.” 


much in its infancy 


examples, the facts that have been dis 
to the train of thought of the 
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This monograph is not only concerned with traits which are obviously 
the result of metabolic errors but also with differences in taste sensi- 
tivity to the thioureas. Even this group of genetic differences in the 
reaction of people to biochemicals may have some significance for health 
and survival. It has been apparent for some time that even the classical 
blood groups of Landsteiner can no longer be thought of simply in 
terms of genetie symbols. The blood group genes influence the specifi- 
cities of mucoid materials in all the organs and body fluids. These 
genes have survival values which are of considerable magnitude, even 
though the selective value varies with the remainder of the genotype 


and the environment of each person. 
Dr. Harris has succeeded admirably in reviewing the literature on 
biochemical genetics, Even more important is his capacity for exciting 
interest about research of the future. All sorts of unexpected discoveries 
result from almost any thorough study of the genetics and biochemistry 
of practically any human trait. Many of the readers of Human Biology 
Will find themselves playing a part in ihis research eventually if they 


are not already involved in one way or another. 
SHELDON C. REED 


l niversity of Minnesota 
Minneapolis, Minn. 


BOOK NOTICES 


йїп E. Ghi- 
Screntiric Метпор Ix Psycnoroóy, By Clarence W. Brown d patton 
selli. ix + 368 рр. Мебг “НШ, New York, BNE aps sd зиз 
Gaul, the volume js divided into three parts, starting wit -— ЫК. 
about the scientific method (with the control of ША added б 
and some facts and principles of psychological messnnemen ошай 
good measure), continuing with steps in the application of вен eting Ше 
(elning the problem, collecting the facts, analyzing and мүт а КЕҢЕ 
data), and ending with some special problems of и ай. quan- 
testing situation, variables associated with the responding su initis and 
tification of behavior under conditions of laboratory experimenta , 


am тє ical text- 
some problems of field studies), A useful addition to psychologic 
book literature, 


= ў Ww. B. 
FUNDAMENTALS oF Econocy. Ву Eugene P. Odum, xii + 384 pP. 


serve two 
Saunders, Philadelphia, 1953, $6.50. The book was intended to serve 

purposes: as a college te 
variety of fields in which 
health and Welfare, 


H 19 
Xtbook and as а reference for those ie saga 
ecological Principles are applied, including em 
There is a brief chapter on the more direct E the 
tions to human society, with emphasis on the interaction betwe 


“natural” and the « cultural ” aspects of human ecology. 


MOTIVATION AND PERSONALITY, 


New 
By A. H. Maslow, xiv + 411 рр. Harper, } 
York, 1954, $4.50, 


А psy" 
Historically, Psychiatry and not ipai Ti 
chology, the study of emotionally sick and not of the happy anc ire of 
adjusted individuals Provided the basis of the “ scientific” Lagann 
human nature, The author rejeets such a portrait and calls for po: 


The 
А sieht. 

psychology, studying healthy human beings at their full heigh . 
appendix on * Problems 


might, usefully serve ag ү 
for their Ph. D. thesis, 


, 
геһо1оду 
EKenerated by a positive approach to РА topic 
А 8 i e 
required reading for candidates choosing | 
1 5 ive book. 
A thoughful, pioneering, provocative bor 


t. 
" Allpor 
THEORIES ор PERCEPTION AND THE CONCEPT OF STRUCTURE, By Floyd H. j 


" 

ley, New York, 1955. $8.00. When а rec 
5; gis rks on a Study of perception, a field heavy 8 wi 
with facts апа theories, there are only two alternatives: the шош this 
be either tripe or a Significant, stimulating contribution, Happily, in 


js a irvey 
case, it is the latter, The objective of the labor was twofold: to st the 
and bring order into the 


rich 
Process hy which organisms ob 

they live, and t4 outline the 
human behavior and social action 
of а more genera] « theory of strue 
various fields of science, beyond the study of pe 
in a future volume or volumes, 


"ception, 
modern Psychological theories of perceptio 


in owl 
tain information about the world plied to 
author's concept of structure, арр 


amewor® 
> and presented within the: n for 
turing of events," The pues ed 
reeption, are to he dev 
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TEXTH 5 

= pipe зе 2nd edition. By Edward S. West and Wilbert R. 
Wini = 3 E e pp. The Macmillan Co., New York, 1955. $12.00. 
кле — arm quarter century, biochemistry developed into a vastly 
i — = = with new techniques (such as the use of isotopic atoms 
ei. ошо pathways of substances in the body) contributing to 
einer а E rate of growth. The second edition continues the compre- 
bains жн з of the field, incorporating the principles of physical and 
d nie Implications of biochemistry, including nutrition, for 
vost ue eonbidered. Expansion of the section on chemical body com- 

ion (р. 382) in the next edition may be useful. Similarly, the methods 


f Р eae . H 
or the study of body composition in vivo seem to have earned the price of 


the admission ticket. 
ADVAN а ч 
Fem 2 EXPERIMENTAL Cartes REsEAmcH. Edited by Reidar F. Sognnaes. 
садыш рр. American Association for the Advancement of Science, 
ashington, D. C., 1955. $6.75. The monograph presents results of 


researches on the experimental production and prevention of tooth decay 
in laboratory animals. In view of the complexity of the subject (reflected 
g anatomy, pathology, 


in the participation of investigators representin; 

zoology, biochemistry, nutrition, and bacteriology аз well as dentistry), 
the résumé on the effect of various agents tested in reference to experi- 
mental animal dental caries (with doubts cast on the adequacy of acido- 
genic theory of dental decay) and the editor’s general summary will be 
found useful. 

Кїхвитрв or AxiwaLS anp Max: A textbook of animal biology. By Ann H, 
Morgan. viii + 839 рр. McGraw-Hill, New York, 1955. $6.75, A good 
undergraduate textbook of animal biology. While man is also considered, 
the material is predominantly zoological. 


de Marshall and Edgar L. Lazier. 
1955. $4.50. The fourth 


Б INTRODUCTION то Human Anatomy. By Cly 
xiii + 420 pp. W. B. Saunders, Philadelphia, 
edition of an elementary text. 

т, Basis. By D. J. Finney, хі + 169 


XPERIMENTAL DESIGN AND Irs STATISTICA 1 
1955, $4.50. An outline 


pp. The University of Chicago Press, Chicago, 55. / atl 
of the theory and practice of experimental design aiming to be intelligible 
ү in most fields of biology. It is not a 


to students and research workers ' ] 
textbook and not a cook book. Its principal purpose is to arouse the 
reader's * interest in a subject whose importance to good research practice 
is increasingly recognized.” 


Ixpusreran Ѕосівту: The Emergence of the Human Problems of Automation. 
By G i . 436 pp. The Free Press, Glencoe, IIL,1955. $6.00. 
уе Б е finds in textbooks of industrial 


The subject matter is much the same аз on 1 1 
entation is fresh, smooth, and stimulating. 


psychology. However, the pres K A F i 
Some wr European experiences in the field of industrial relations will 
the American reader. Rightly, the interdependence 

d sociological facets of 


be of special interest to А 
of the technological, physiological, psychological ani À 
the coexistence of different per- 


industry is stressed. “In this rich field, 
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spectives and levels has been recognized; each of them contains = А 
of reality and попе of them reveals the whole of it.” Jodusbrial as лат 
tion is reviewed as a great experiment in the history of civilization. 

From CUSTODIAL TO THERAPEUTIC PATIENT CARE IN MENTAL Hos iac z 
Milton Greenblatt, Richard H. York, and Esther L. Brown. yit + 497 " 
Russell Sage Foundation, New York, 1955. $5.00. The evaluation of нка 
concepts апа more humane and effective practices in the care and er, 
of the mentally ill is presented in reference to three outstanding hospita : 
What has been learned through study of the hospital social system m 
analysis of ward care and through direct experiment has wide à cete 
both to the institutional treatment of mental disorders and the broade 
problems of mental health and disease. 


LAS TREPANACIONES CRANEANAS EN EL PERÙ EN LA Éroca Pre-HispAnica. BY 
Francisco Grafia, Esteban D. Rocca, and Luis Graña R. 340 pp: dini 
prenta Santa Maria, Lima, 1954, (no price). While therapeutic SES 
surgery is one of the most recent additions to scientific medicine, gramm 
trepanation is a surgical procedure with longest firmly established history. 
The authors examine in detail the 
territory of Peru during the 
tury of our еги. 
the material, 


development of cranial surgery in oe 
long years from 3,000 B.C. to the 16th jae 
A review of earlier studies (1865-1951), description * 
operative technique and instrumentation, ideas about the 


А k : illus- 
etiopathogenesis, and comment are presented in turn, Numerous il 
trations, 


Tur HARVARD List or Books IN PSYCHOLOGY. Compiled and annotated by ү» 
psychologists in Harvard University. viii + 84 pp. Harvard Univers? f 
Press, Cambridge, 1955, (no price). 607 books are listed, with a brie 


evaluative comment, in 30 categories. А useful bibliography of contem- 
porary psychology. 


* e3 
THE Human MACHINE: Biological Science for the Armed Services. By Charle 


hill: ss 5 
W. Shilling. xii + 292 рр. U. S. Naval Institute, Annapolis, 1955. P 
Originally designed for the Hygiene Department of the U. S. Je 
Acade: 


my as the basis for instruc 
with the construction 
with problems of mai 
hygiene), Pa 
submarine a 


tion in biological science. Part One а 
and operation of the human machine, Part an 
ntenance (including personal, community, a 
rt Three, with man as a part of the war machine иге: 
nd aviation medicine, and atomic, biological, and chemie 

warfare), A non-technical, readable presentation. 


Joser BROZEK 
University of Minnesota 


Minneapolis, Minnesota 
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t 
This special issue, edited by Josef Brožek of the Laboratory of 


` Physiological Hygiene, University of Minnesota, 
ceedings of the Conference on the Role of Body Measurements in the 
Evaluation of Human Nutrition, sponsored by the Committee on 
Nutritional Anthropometry of the Food and Nutrition Board of the 
National Research Council, held at Harvard University, Cambridge, 


Massachusetts, June 17 and 18, 1955. 


rear Ednl 


is devoted to the pro- _ 


INTRODUCTION 


"E as ij gaps of nutritional anthropometry is a most weleome 
dice age b physical anthropologists. Anthropometry in its early 
dienes t a сий to the comparison of races in their skeletal dimen- 
tbe ut ere seemed to wish, in a perfectly humane way, of course, 
tehni Hs 3 subjects were skeletonized, as some of them were; and its 
{ж m were designed to render as negligible as possible individual 
iie m in fat and muscle. The result was that anthropologists got 

hey wanted: data on the skeleton only, squeezing out the rest 


There was evolved an advanced and competent instru- 


of their subj 
subject. 
outstripped the data 


mer БИТ Р A 
ч ital and statistical technique which eventually 
emsely , : : 
mselves, When raeial comparisons had been more or less completed, 
inds of variation made, there 


- certain studies of growth and other k 

4 8 а reduced scope for the technique. Obviously the neglected area 
rom bone to skin awaited investigation, but this was slow in coming. 
The influence of genetics accented blood group and other physiological 
Work; and constitutional anthropologists, largely following Sheldon, 
turned attention to consideration of all the constituents of physique, 
not the skeleton alone, though by means of a technique which is in its 


trition and of the analysis 


n uus 
ature rather specialized. 
traditional 


ИР... the arrival of broader pro 
variation of all the constituents 
methods and approach of anthropome 
These problems will certainly benefit anthropological techniques as much 
35 the techniques will benefit the studies, and their mutual development 
Tepresents the kind of outlook in physical anthropology which was 
Unceasingly encouraged by Professor Hooton. It was therefore particu- 
larly fitting that the Conference OP Nutritional Anthropometry should 
have been held at Harvard. 

W. W. HOWELLS 

Department of Anthropology 

Harvard University 


blems of nu 
of physique together, the 
try find their natural extension. 
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JNS CONCERNING BODY 
THE CHARACTERI- 
AL STATUS 


RECOMMENDATIC 
MEASUREMENTS FOR 
ZATION OF NUTRITION 


FOREWORD 

articles published below are the 
and 18, 1959, by the 
of the Food and Nutrition 
The meeting, attended by 34 
bers of the Committee. 


and the 


ILI} Recommendations 
held on June 17 


Ü outcome of а meeting 
uin qr on Nutritional Anthropometry 
ourd of the National Research Council. 


ings 5 
nvited experts and observers im 4 
Was held in Littauer Hall in Cambridge: Massachusetts. by courtesy ot 


Professor W. W. Howells and the Administration of Harvard University. 
This was the final official activity of the committee which was estab- 
lished in May, 1951, їп recognition of the situation indicated in a report 
to the Board (Minutes. Vol. 9, p. 28 May 1949): 

“The need for this committee arises from the fact that the evalua- 
tion of the nutritional status of man with regard to emaciation, obesity, 
growth, skeletal ma muscular development is a major neglected area 

d primarily on physical 


of human nutrition. Such evaluation must depen 
the body and ith suitable standards for 


Р isons WI 
measurement of comparisons 
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selected items of measurement. There are at present no well-defined 
uniform methods or properly characterized standards for these purposes. 
Common methods of physical anthropology are devised with a view to 
different problems. Common clinical methods are extremely crude and 
relatively subjective. 

“Por the development of this area, it is necessary to use facts and 
expert knowledge from several fields which do not ordinarily have 
contact with each other. Among these would be nutrition, physical 
anthropology, pediatrics, physiology, actuarial science, anatomy, physi- 
ological hygiene, and general statistics. There are at present neither 
national nor international organizations to consider these problems or 
to assemble experts from the several fields which can contribute. 

“The American Medical Association, the Food and Agriculture 
Organization, and the World Health Organization, in addition to the 
Food and Nutrition Board, have recognized the need for some organiza- 
tion to consider these problems. There seems to be general agreement 
that the National Research Council would be a suitable focus for such 
activities and that, within the Council, the Board would be the proper 
sponsoring agency.” 


Impetus to the establishment of the Committee was given by Ше 
Second Session of the Joint FAO/WHO Expert Committee on Nutrition, 
in Rome, April, 1951, which stressed the “relationship between bodily 
dimensions and nutrition and pointed to the need for anthropometric date 
utilizing agreed methods and standards (World Health ا‎ 
Tech. Rept. Ser. 1951, No. 44, pp. 63-64). The Fourth Session of ra 
Joint FAO/WHO Committee again emphasized these points (W.H. з 
Tech. Rept. Ser. 1955, No. 87, p. 44) and recommended «That we 5 
be made in the near future to assemble a study group or expert committe? 
to consider and to report on these questions of methods, standardizatio 
of procedures and reporting, the planning of surveys, and the peorien i 
norms, and on the whole problem of the application of anthropome y 
to nutritional evaluation." 

At the Harvard meeting all in attendance were “co-opte _ 
participation in the formulation, drafting, and discussion of the ee 
mendations. Subsequent to the sessions at Harvard, an edited py 
of the Recommendations was sent to each of the participants and 
members of the Food and Nutrition Board for comment and emendatio" 
The final draft published here embodies the responses. 

Acknowledgment should be made of the contributions to th 


d » for 


e work 
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mbers who served until 1954: Drs. 
Grace A. Goldsmith of Tulane 
he Metropolitan Life Insurance 
niversity of Pennsylvania. 


of the Committee by Committee me 
Harold С. Stuart of Harvard University, 
University, Louis I. Dublin, formerly of t 


Company, N. Y., and M. W. Krogman, of the U 
Important contributions were made by correspondence by Drs. J. M. 
M. Morant, К.А. F. 


Tanner, St. Thomas's Hospital, London, and G. 
Institute of Aviation Medicine, Farnborough, England. 

Throughout the life of the Committee Dr. Josef Brožek acted as 
Secretary and he also edited the Recommendations and papers published 
here. The participants at the Harvard Meeting are listed below. Their 
concurrence with the Recommendations is on a personal basis and does 
not necessarily reflect the official views of the organizations they represent. 


Participants 
S. Abraham (Heart Division, Control Program, U. S. P. H. S, Washing- 


ton, D. C.). уз 
W. R. Aykroyd (Nutrition Division, Food and Agriculture Organization, 
Paul sien Б м. Research and Development Center, U. S. Army. Natick, 
David ee (Q. M. Research and Development Center, U. S. Атшу, 
See Mee World Health Organization, Geneva). 


J. M. Bengoa (Section on Nutrition, à ot Hari 


J. H. Browe (Bureau of Nutrition, New 
Albany, N. Y.). n . 
Josef Brožek (University of Minnesota, Minneapolis, 
ON NUTRITIONAL AxTHROPOMETRY)- VT Suns 


E. R. Buskirk (Q. M. Research and Development € 


Natick, Mass.)- з 
Callie М. Gaons (U. 8. Department of Ай ae 
R. FA, Dean (World Health Organize?» make 
а Kampala, Uganda). 
E. Demaeyer (IRSAC, D- 
S. M. Garn (Fels Research 

.. NUTRITIONAL ANTHR! 
William Walter Greulich (Depa 

California). йй 

M. Т. Grossman (Medical Nutrition Laboratory, 


York State Dep 


Minn., COMMITTEE 


Washington, D. C.). 
al College, 


Belgian Congo). 


Antioch College, COMMITTEE ON 


Institute, 

TRY). E 
Lacie е Anatomy, Stanford University, 
r 


Offiee of the Surgeon 
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General, U. S. Army, Denver, Colorado. COMMITTEE ON NUTRI- 
TIONAL ANTHROPOMETRY ). T 

W. W. rre чан of Physical Anthropology, Harvard University, 

idge, Mass.). 

E. E. e ade Dental Infirmary for Children, Hostes v" 

Ancel Keys (University of Minnesota, Minneapolis, Minn., COMMITTEE 
ON NUTRITIONAL ÅNTHROPOMETRY ). 

Werner Kornfeld (Department of Pediatries, New York Medical College, 
NL Xy. са 

H: В. E asil Life Insurance Company, New York, N. Y: H 

Jean Mayer (Food and Agriculture Organization, Harvard University, 
Boston, Mass.). 

О. Mickelsen (National Institute of 
Bethesda, Md.). 

R. W. Newman (Q. M. Research and Development Center, U.S. Army, 
Natick, Mass.). 

G. F. Ogilvie (Nutrition Division, De 
Ottawa, Canada). 


Margaret A. Ohlson (Michigan State University, Mast Lansing, Mich.). 
L. B. Pett (Department of National Health and Welfare, Ottawa, 
Canada). 


Robert B. Reed (Harvard University, Boston, Mass. ). 

Robert Ryer, ITI (Medical Services Liaison Officer, Q. M. Food and Con- 
tainer Institute, Chicago, 11.) 

Nevin Scrimshaw (Pan American S 
ganization, Guatemala City, Guatemala), 

J. Senecal (World Health Organization, Dakar, French West Africa). 


J. C. Sibigtroth (New York Life Insurance Co., New York, N. Y.). 
William. Siri (Division of 


Arthritis and Metabolic Diseases, 


pt. of National Health and Welfare, 


anitary Bureau, World Health Or- 


Medical Physics, University of California. 
Berkeley, California). 
Mildred Trotter (Department of Anatomy, Washington University, St- 
Louis, Mo.). ` 


Isabelle Valadian (Harv: 
Jean M. Vasey (St. 
L. Verhoestraete (P 


ard University, Boston, Mass.). 


Thomas’s Hospital, London, England). 


àn American Sanitary Bureau, World Health Or- 
ganization, Washington, D.C.) 


Robert White (Q. M. Research and Development Center, U. S. Army. 
Natick, Mass.), 


ANCEL Keys, Chairman 
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GENERAL CONSIDERATIONS 


Body measurements and nutritional status 

a deca owe ca | omposition of the body depend, in part, 
supply of nutrients and may serve as à useful, though limited, 

atus. For individuals of a given 

luaied with reference to skeletal 

also the width of the skeletal 


The growth, weight and e 


eriterion of one aspect of nutritional st 
us and age, body weight musi be eva 
ам taking into account body height and 
ramework. This yields an estimate of the degree of underweight or 
In order to properly interpret the bi- 
ust be obtained for the 
t in terms of body composition. The 
differences is body fat. While more 
asurements of the thick- 
sure of leanness-fatness 


overweight of the individual. 
ological significance of body weight, data m 
approximate analysis of body weigh 
Variable showing largest individual 
wailable for research, me 


complex methods are : 
а valuable mea 


н of subcutaneous fat pr 
in field work and in the physician’s 

The present recommendations are 
ements considered use 


ovide 
office. 

concerned primar 
ful in children are listed. The 
g nutritional status in children are more complex 
rates of growth and effects of sexual matura- 
discussed in detail here but should be 
important for the interpretation of 
1 status. 
observers may be comparable, 
dard manner. The apparent 
The calibration of instru- 


ily with adults. 


Nevertheless, measur’ 
problems of evaluatin 
than in adults and include 
tion. These matters will not he 
at least mentioned since they are 
bodily dimensions as criteria of nutritiona 

In order that data obtained by different 


nts should be made in a stat 


the measureme 
is deceiving. 


Simplicity of the measurements 
ments should be cheeked periodically. 
, Jt should be realized that anthropo 
tion of man’s physique- The evaluati 
individual differences in the rates of growth, 
Position must be made in reference to such erit 


capacity, morbidity, and mortality. 


metric data provide only а descrip- 
on of biological significance of the 
adult body size and com- 
eria as performance 


Sam pli 

Lm pling 

pulations аз well as in surveys of specific 
ete.), one should strive for 


In surveys of whole ро 


groups (e.g. old people; pre-school children, 
results that are representative, that is, results that are free from sampling 
tudied. Special skills are often 


naracteristic 8 


t is recommende al advice 


bias with respect to the cl "i 
d that expert statistic 


required ; : ; 
equired in sampling, andi 
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be sought early by any group planning nutritional or anthropometrie 
studies. : 
The method of sampling must take into account occupational, socinl 
and eultural characteristics of the area to be surveyed. For populations 
with a complex social structure, it is desirable that stratified samples 
be devised that reflect the composition of the popul Ч 
economie status, ethnic origin, occupation, and other factors pertient 
to the particular study, Jn less complex societies, the sampling plan 
would be less complicated but nevertheless 
study. In some circumstances it may be 
household as the sampling unit. 
engaging in a mass Survey, 


After the sampling procedure has been devised, every effort. should 
be made to obtain data for the entire sample. When this is not feasible, 


adequate information should be obtained about non-partieipants in order 
to estimate the nature and extent of the | 


The nature of the population Surveyed should always be clearly stated; 
some types of surveys, їп particular, will he concerned with the “ general 


or “ presumably healthy ” Population, Since concepts of this nature vary 
greatly, specific exclusions should be set forth in detail, Such exclusions 


| ‚ апа explained on the basis of: 1) the frequency of 
prevalent disease States in the Population ог %) specific recording of dis- 


n individua] cases included jn the survey. 


ation by sex, age, 


crucial to the success of the 
expedient to use the family or 
Pilot. studies are ndvisable before 


dias in the sample surveyed. 


¢ actual to the “standard” weight 
relative fat content of the individual. Thus 
asurement of subcutaneous fat are the irreducible 


In the subs à 


e satisfactorily the skeletal 
cutaneous fat, These are considered as 
JS. Other measurements may be useful 
additional] measurements are made, 8 
d be provided so that other investigators 
by a given investigator. 


ements for surve 
for special Purposes, When 
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Recording | 

The origin: 
"€ opas sen are the ultimate source of all information and 
в fx tons care and accuracy. Whatever corrections are to be 
Se ei n the amount of clothing worn by the subject, should be 
of recording the weight and should be specifically 


indicate 
d оны à > 
B ind an the record. Preferably, the body weight should be recorded 
e we E og E = 3 А 
eight and measured with minimal clothing. Samples of the 


Weight 
ERE. of clothes scorn s : — Е 
othes worn should be made at intervals if weighing is done 


Including clothes. 

‚ The precision of making and г 
with the purpose and dn 3 t s und 
made. [n si sents ‹ сша апсев ип 
of height х iy and in medical prac t 
earst, d ле nearest centimeter (or quarter-inch), weight to the 
millimeter 3 Mugen (or pound), and skinfolds to the nearest half- 
accuracy a 1/32 inch) are adequate. In the case of children the 
doubled) of recording the measurements should be increased (perhaps 
e р сарокай by the subjects are notoriously unreliable. Every effort 
birth or зе made to obtain correct ages. The day, month and year of 
сап be at least the month and year should be recorded. The actual age 
itin "A computed later by а clerk. in years, should be 
ipd ed to the nearest birthday. d the nearest 

ath should be recorded. 


ecording the measurements will vary 
er whieh the measurements are 
tice involving adults, readings 


In adults ages, 
In children year ап 


› 
Reporting 

ents should be made and reported in the 
kilograms. In countries using the 
by laymen may be reported also in 
hould be an additional, not alterna- 


ss would depend on the uses 


Prefer, 

met Teferably, the measurem 
r тү, А á 
le system, in centimeters and 


Engelis 
glish system, the data for use 


inches З 
aches and pounds. Asa rule, this s 
ine and its usefulne 


э. method of report 
5 made of the data. 

a reporting group data, original distributions should | gue 
"hi ler with the descriptive statistics (means, standard deviations, ete). 
wl 18 18 particularly essential for variables with skewed distributions for 
lich percentiles rather than ranges based on the standard deviation 
entiles to be used 


(mean 18р and + 28D) must he used. The реге 
1 ose of the norms. When gross classification 


! again а 
is : epend on the purp 2 
5 desired the 5th, 50th (median) and 95th percentiles are useful. At 
40. 60. and 80 percentiles) is 


otl p 
ler times the use of quintiles (the 20. 


be presented 
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i ` limits obtained for 
ferable. Finally pereentiles corresponding to the limits o = 2 
Heg ope o i RD ful in some situ: s. 
за distributed variates (M 2 SD) may be useful in د‎ D 
normally di: ё it is useful for man: 
rouping adult individuals according to age it is usef метл 
In group g жыр ' coineiding with the decade: 
urposes to use a 5-year interval, preferably coinciding eats odis 
105 1 29, 30 to 34, ete.), The age divisions for children are ep E 

Н ed. n E = E f est 

a i i д i rth i sight. at lea: 
in a later section, In view of continued growth in hei; 5 пайи 

i it i i e eroupines › more 
some populations, it js desirable to use groupings of n 


year of age for ages below 925 years, 


BODY MEASUREMENTS oN ADULTS 

In different contexts—in the 
the laboratory—different sets of d 
tion of nutritional status ( 
composition. Under e 
simply with mo 
The bony dimensions are use 
dual’s “standard ” 
Measurements ch 
set of measur 


Physician's office, in a field о 
ata may be utilized for the characterizi 1 
nutriture ) with reference to body RII бат 
meregeney conditions one may have to be satisfi 

asurements of height and weight. а 
ful primarily jn arriving at the fen af 
or “reference з» body Weight. A second class : 
aracterizes the individual's leanness-fatness, A thir 


seulature. 
ements servos to evaluate the development of musei 


А, Body weigh! should he r 


Р r appro- 
“ported as in the mide, with an apy 
priate Correction for clothing w 


1 e at 
orn. This correction should be mad 


: ; - ime to 
the time of measurement, The estimate should be checked from t 
time by actually weighing the clothes, if gt 


andard garments aie not цы 
ornamenta and Accessories should be removed. Tt is uu 
mended that body Weight be included in every anthropometric stud; 
human nutriture, 


В. Body dimensions 


1. Stature (st › defined as the distance from Ше 
sole of the feet to the top of the head, should be measured ауа? 
without shoes, lecessity, the contribution of the shoes 
should be estimated ay, set 

Preferably, the Subjects should he barefooted or in stocking A 
standing erect, with the } s Scapulae in contact with the ee 
or other flat Vertical { Ad should be held so that i 
line of sight is height should be determined re- 
lowering object or other suitable guide, 


horizontal, The 


а rectangular Wooden 
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cpi lp rir with the vertical measuring scale, until it makes 
act. with the scalp. 

| In patients who cannot readily stand, recumbent body length 
should be determined. For this purpose, a rigid hoard such as м" 
plywood may be slipped under the patient's body, using а right-angled 
foot support for bringing the feet into position. If the bro measure- 
ments are to be used as reference, allowance should be made for the 
igth is somewhat greater than his 


fact that a person's recumbent ler 
length should be 


n í 

The measurement of stature or body 
ssments of human nutriture. 
At times it may be desirable to have an 


indieation of the proportion of the tofal height represented by the 


Two measures have been used for this purpose, 
The relative merit of the 


tical partitioning of 
It may be noted 
ave surprisingly 


stature. 
included in all ass 


2. Sitting height. 


trunk and legs. 


the sitting height and the cristal height. 
two measurements (or the importance of the ver 


body height) is not clearly established at present. 
tuations in individual body weight h 


sitting height. 
taken with the subject seated on a firm stool 


The knees are flexed, the trunk in contact 


apular and sacral region. The position 
t of standing height. 
face of the stool 


that large fluc 
negligible effect on the 

The measurement is 
with a horizontal surface. 
with the wall at both the se 
of the head is the same as in the measuremen 
The sitting height is the distance from the top sur 


то the top of the head. 


The measurement is of 
3. Lliocristal height is obtained, with the subject standing erect, 
ıe feet to the highest point of the 


as the distance from the sole of th 

ilium. Adequate pressure should be exerted on the contact surface 
in order to minimize the effects of subcutaneous fat which may overlie 
the crest of the ilium. Care should be taken to maintain the hips 


horizontal. 

This measurement is of secondary importance. 

4. Bicristal (biiliac) di The width of the pelvic girdle 
is obtained as the greatest tween the lateral margins of 
When necess re should be exerted 

lipers in order to minimize the 


‘ace of the ca 
which would otherwise be included in this 


secondary importance. 


ameter. 
distance be 
the iliac crests. ary, strong pressu 
on the contact surf 
amount of soft tissue 
measurement. 
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d ure of the laterality of the skeletal кузы oir 
ohh or dir nended as a standard item in the маз ы 
со. " о It should be used, т 
: me a peri measures of skeletal size, if available) i 
mts of the individual's standard body weight. 


P s of the 
5. Biacromial diameter. This measure of the А, = ж 
shoulder girdle is determined as the distance DR) ا ا‎ upra 
margins of the aeromion process of the scapulae. sub, 
erect but with shoulders relaxed. 
Biacromial diameter is 
of the bony framew 
posture of the subje 


» laterality 
the second best measure of 6 : as the 
К a ae fermi 
ork but it Tequires special care б» Ме errors. 
ct is concerned in order to avoid sizea 


Since 

easure of obesity, and of musculature. id: 
Se tissue is located under the skin, the e: of 
estimated by measuring the SE 
rder and economy, it is necessary to Aw 
xerted by the skinfold calipers and on — 

at which the ski е Measured, It has been a general ү? ог 
out 10 gm/mm? is preferable to very is he 
Tt is recommended that this pressure se So A 
irrespective of the design of the skinfold es е 
contact surface of the caliper lies in the neigh nee 
mm*, and depends in part on the shape of и 
The skin should be lifted by grasping firmly a fold be 


site at 
the thumb and forefinger at about a distance of lem from the sl 
Which the skinfold is to be measured, 


At present, there j 
two sites: upper arm 


surface, 


of 

۶ » value 

5 а fairly unanimous agreement on the 

and scapula, 
l. Upper arm 

viduals of both Sex 


ness-fatness, "The 


ble in indi- 
skinfold, This site is readily accessible in 


is 
es and should be measured in all studies of esi 
skinfold is located at the back of the ow " the 
ерз), at the level midway between the po м 124] 
£ the Scapula and the tip of the elbow. Th infold 
e forearm flexed at 90°. In making the ski 
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reme the arm should hang down freely. The skinfold is 
allel to the long axis of the arm. 

The skinfold measured below the tip of 
veterization of the individual's 
subeutaneous adipose tissue is 
ditferences in locating the 
abdominal region or chest. 


2. Scapular skinfold. 
the right scapula provides a good char: 
overall fatness. The thickness of the 
imd homogeneous in this area and small 
d ны less important than in the arm or 
e scapular site should be measured whenever feasible. 
Where the required facilities are available, the 
individual is best characterized in terms 
ts of soft-tissue X-rays of the 
ements must be used, the 
limb circumferences, 
determined at 


bane Tini боше. 
limbs. e “ the muscular segmen 
Muscular focal ae аз IR 
provided Madi opment can be estimated from the limb 

iat the thickness of the subeutaneous layer 18 


the & х 

е same time and, preferably, at the same level. 

ference should be taken with the arm 
to the long axis of arm, and at the 
The tape should be 


ts contour. 


1. Upper arm circum 


hanging f : 
nging freely, at a right angle 
m skinfold measurement. 


Same level as the ar 
without. deforming i 


applied lightly to the skin, 


ENTS ON CHILDREN 


dequacy for research. 
Tt is assumed that 


BODY MEASUREM 
here fall short of a 


"т 
The measurements indicated 
use in the field. 


They : 
dum are intended primarily for £ : 
d workers will be aware of the qualitative (clinical) signs of nutri- 
ble care will be taken 


s, that reasona 
] practices likely to alter any 


ts will be recorded. 
final stature but also 


ti 
onal debility and hypovitaminost 
and that loca 


mi the measurements, 27 

surement or combination of measuremen 
the ТЕ may be useful to emphasize that not only the but а 
B, paltern of development (rates of growth, appearance of ossification 
enters) is under genetic control. Nutrition determines the extent to 
к hieved. During the period of growth 


Whic 

А Nich the genetic potentials are ac І } 

ompare the child’s weight and body dimensions 
child than to relate 


previously on the same 
] norms established for а given age. 
equally 


ts are equally practicable or 
maturity. Therefore 5 age levels 


surements in each. 


1t ig 
E He. important to ¢ 
le ды measurements made | 
N asurements to crossectiona 
info, all suggested measuremen 
are gt ative at all ages from birth to 
given, with a separate listing of шей 
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MENTS 


Ranking of measurements 


Г 7 as follows: 
sureme ranked from A to EZ as 
The suggested measurements are ranked EN 
A. Minimum list for emergency conditions — 
m. Ac М TCU 1 merge $ 
В. Should be added for survey work, except in епи : нні 
3 * ж z и i 
Desirable for survey work, still require littl — : 
m : Е ; " ass readily available 
D. Desirable, but require equipment 1 ss r 39 i 
E. Desirable, but rarely practieable in the field. 


Informalive value of measurements 


- length and 
Length measurements are concerned with: 1) total hody: re MM 
2), when erown-rump or sitting height are included, the reli 
tribution of trunk and legs. 
Weight indicates gross body size 
mation of body volume. : build, and 
Body circumferences and diameters indicate laterality of build, 
(in early infancy) developmental status, 
Leg and arm circumfere 


Р i approxi- 
(bulk) and gives a rough ар} 


‘coum ferences 

nees, as well as the body mare 

"HP : jo uscle. 

indicate extent of development of the soft tissues, fat and m indicate 
“Skin-folds” (i.e. folds of skin plus subcutaneous tissue) 


i ا‎ fron 
the thiekness of the subcutaneous fat, and help to differentiate fat 
muscle. 


Measurement бу age level 


At birth 
A. Length (erown-heel maxi 


p 
e0wn-rum] 
mum), stem length (crown 
maximum), we 


ight (cord drained). 


е | », (chest 
B. Circumference, (head maximum), circumferences ( 
maximum, mid-inspiration), 
C. Diameter, (bieristal) 
10 days to 1 month 
A. Length, stem length, weight 
B. Circumference,, circumference, 
C. Diameter, along 
: a 
D. Skinfold over the trice 


Ps, below scapula and on chest ( 


: ipples 
the midaxillary line at the level midway between MP 


and umbilicus), 
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3, 6, 9 months 
A. As above 
B. Circumference;,2 
С. As above 


D. As above 
E. Postero-anterior X-ray film of ihe hand and wrist. It should 


include the terminal phalanges as well as the distal ends of 


the radius and the ulna. 


plus circumferences, (arm and сай) 


1-6 years 

A. Length, stem length, weight, 
eliminating head cireumferene 
diameters (biaeromial ) 


standing length 
B. As above, e at 3 years 


C. Diameter, 
D. As above 
E. As above 


7-10 + years 
A. Standing height, sitting height, weight 
B. Chest, arm and calf cireumferences 
Û. As above 
D. As above 


E. As above 
rt signs of sexual maturation oT their 
ce implications of all dimen- 


ation status. 


Б Note: in this age level ove 
abse М 3] 
absence should be systemati ally noted, sin 


lons differ. for constant age. according to matur 


PHYSIQUE AND NUTRITIONAL STATUS 
OF ADULT MEN * 


BY JOSEF BROZEK 


Laboratory of Physiological Hygiene, School of Public Health, 
University of Minnesota, Minneapolis, Minnesota 


INTRODUCTION 


ч i i its characterization 
\ | AN’s physique is a complex phenomenon and its character 


: А rT 's purpose. 
will depend, in a large measure, on the investigator’s pur] 
In this presentation we аге с 


nutrition Се; Brožek, 53). While 
we shall limit our attention primarily to the adult man. 


; 30 years 
“maturity,” roughly corresponding to the age range from 20 to 60 years, 
is not a static period (Brožek, 59) 


0) are by now a closed chapter. The relationship a 

diet and age ¢ ' of bones—estimated in the oe 
tk, Brown and Trapp, 49), or, in the anatomis > 

8 of the ratio of calcium in a bone to its volume— a"? 
not without interest. Nevertheless, the concern of the physical wd 
Pologist working as a member of a nutritional team is directed principally 


to the soft parts of the body—the skeletal musculature and, in particular, 
the adipose tissue. 


vices, The Nutrition 
York, and the Minnesota Hear 
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D sheep of Africa and Asia). It is not certain that the 
m rh "t Е Ше Hottentot of Southern Africa does not belong to the 
npe k pe : adaptation to a precarious food supply. However this may 
Bir rene of the size and composition of the tail of desert sheep, 

arged with fat after the rains and plentiful food supply, and devoid 
of fat after drought (see Wright, ^54, especially Fig. 5. 20) tells elo- 
quently the story of the importance of fat reserves as a crucial facet of 
nutritional status (nutriture), with sheer survival as the acid test of the 
value of the fat depots to the organism. When we come to man, cultural 
factors complicate the matter in several ways. 

The situation in which survival depends, in an important measure, 
on the portable bank of stored chemical energy are today infrequent, even 
ntration camps and famished cities and whole 
The optimal size of the fat stores at 
at the present time with the desired 
of the fat depots, 
umulated 


though the specter of conce 
regions is still hovering over us. 
different age levels is not known 
precision. Nevertheless, there is no doubt that the size 
other things being equal, is a measure of the calorie balance ace 
Over a period of time and thus an important aspect of nutritional status. 


The methods and the attained precision of the evaluation of somatic 
espects of nutriture will vary with technical facilities, and it is necessary 
to differentiate clearly between tools applicable to emergency situations, 
detailed field surveys, and systematic laboratory research. The extremes 
are represented by gauging deterioration of nutritional status from 
changes in gross body weight of a population under conditions of severe 
dietary stress, on the one hand, and a detailed quantitative study of 
changes in the amount and distribution of soft tissues, in body fluids 
and in mineral density of bones, on the other hand (cf. Keys et al., 50). 
Here we are concerned primarily with the simpler body measurements 
that can be obtained in the “field.” The principles and techniques of 
the densitometric and hydrometric analysis of body composition were 
Presented elsewhere (Keys and Brožek, 53, and Brožek, *54, with citation 


of the literature). 
q-HEIGHT INDEXES 
The ratio of weight (W neight (Н) may serve as à first and 
very rough estimate of the amount of soft tissues in relation to the 
Size of the skeleton. A variety of indexes relating weight and height 
ave been proposed (cf. McCloy, 36, P- 1% Krogman, ^41, especially 
P. 51). from simple W/H to ratios involving W/W. No attempt will 


WEIGH 


) tol 
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be made here to analyze in detail the merits of the different forms of 
the weight-height index. 

At a given height, the simple ratio of weight to height (kg/cm) 
provides an adequate measure of body bulk in relation to body length. 
The difliculties begin when one is to compare individuals of ditte ent 
height. More importantly, weight-height indexes share the basie limita- 
tions of all procedures which consider only ihe height as the reference 
point, neglecting the vertical proportions of the body, the lateral dimen- 
sions, and the need to take into account more directly the size of the 
skeletal musculature. 


The problem of units ( 
related in the form of 


37 ; iti лу 

dimensions?) that may be legitimatel; 
àn index is readily solved by using relative Жа» 
Le. the actual weight expressed as a percentage of a standard weight. 
But what constitutes a meaningful standard ? 


ESTIMATION ОЕ STANDARD WEIGHT 


The “standard” weight has been defined, as a rule, as the average 
weight of individuals of Same sex, age, and height. In the United 
States the basic tables of standard weight, so defined, were published 
in 1912 (Association of Life Insurance Medical Directors, 712) ais 
reprinted many times, with or without essentially arbitrary corrections 
for the weight of shoes and clothes worn by the life insurance applicants 
on whom the data were based. І 

Comparisons with fairly recent data obtained on samples of per- 
sonnel of the Armed Forces (Keys and Brožek, *53, р. 253) justify the 
conclusion that, by and large, the 1912 Standards may be used as an 
approximately valid ref in terms of which individuals in 
m U. S. and populations throughout the world may be compared. 

‘ls 15 not to say that а systematic survey of the current weight status 
of the American Population is not desirable. The excellent job done 
by the Canadians in this field (cf. Pett, 55) may serve as example of à 
carefully planned and well executed anthropometric survey of nutritional 
status, Clearly, such an undertaking appears to be the responsibility 
of publie health authorities, Interests of the insurance industry аге 


likely to САА limited to their patrons and to conditions under which 
routine medical examinations о 


n Ë life Insurance applicants are made (cl 
Lew, 54). 


erence point 


An inherent limitation of the height-weight tables is that the effect 


—————————————— a 
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of variations i 5 " 
hs a s in "body build" is si 
skeletal framework, both the ve iad = копии. In regard to the 
hoa vied cron T vertical partitioning of the body into head 
it sus legs and the siderati [ the p > 
sions Hs Mees ıe consideration of the lateral bony dimen- 
Seve 
ton, n гание (ef McCloy, 36, 38, Pryor, ^40, Turner 243, Cure- 
Ый of considered lateral dimensions of the skeletal famak 
сш, s bones in arriving at an estimate of standard weight. For 
sent purposes, the available literature is limited either in the 
ter (particularly the age) of the 
vertical partitioning of the 
In some studies the lateral 
chest, included also the sub- 


selecti 
i к. cgo or the eharae 
bnt Ал. Фя The importance of the 
dimensions x арч -—— examined. 
се ылын зи the width of the 
Xs ede em tissue, thus confusing the issue. Most of the samples 
eem E men and women (college students) and to children. 
йй fram - 0° ап individual's actual weight with the weight pre- 
ШП ek ek s agr c er yields an estimate of the relative develop- 
Йе ЫП с К. his value is of interest as a gross measure of 
of relative sina ч d nutritional status.” When the characterization 
consider beth ps y 18 the principal concern, the weight standards шй 
deviations fr » skeletal size and the muscular development. The 
den] богот P such a standard represent a continuum which is a good 
bornes. E leanness-fatness than is the case when only the bony 

The id are taken into account. — | | 

ao Sii aigas between body weight, anthropometric variables, and 
with the т statistically in a group of 238 Minneapolis firemen, 
included 1ê stations selected at random and all members at each station 
in the examination. The means and standard deviations are 


ivan i 

D in table 1. The age range Was 25 to 63 years, with the bulk of 
? sample in the decades 30 to 39 (N — 16) and 40 to 49 (N = 103). 
al interest on several acounts. Most importantly. 


an occupational group that can be readily 
e mode of life, and can serve in 


operat; | studies such as have been carried out on co- 
ative basis in Italy and sweden (cf. Keys Fidanza and Keys, 55). 
Th ha mune iir ed ele ri 
Partitioning o git, bee pi | ad versus “leg length." The 
ateral “hp of the body in head versus ^E 3 » he 
ена dimensions of the skelet presentet by the bi- 
and the biacromial diameters. limb bones 


Pip 

tcm are of biomedic 

к they represent 

кыа and described 
S-cultural populatior 


in terms of th 


crist 
to trunk plus 1 
al framework are те 
The thickness of the 
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s The 
i the humerus. 
1 iepic ‘lar width of the hu es 
е Vo f the biepicondylar v е gee 
is sampled in the form o "sei vie ne gis 
x оне, r (D) of the upper arm, corrected. for subi муе с nimm 
an it rion of muscularity. Tt was calculated € : a. “with 
S crite: S А à z Бе | 
fe ae (C), measured mid-way between acromion anc a taut ы 
n» relaxed, and the skinfold (S). measured at the sa 
arm xed, 

' 
back of the upper arm (D=C/ 


т— + of measure- 
S). Clearly, the number of me 
ments could be substantially 


iteria of 
i 5 fi s criteria 
increas ed, especially as far as с 


TABLE 1 


i i is firemen 
Basie anthropometric data on 238 Minneapolis fi 


VARIADI E 


SYMHOL _ E ee c: 

om i A: 9.77 

Weight, kg Y 505 

Height, em 5 176.80 АЕТ 

Cristal height, em T 108.94 1:5: 

Bicristal diameter, em Ж 29.43 (550 
Biacromial diameter, cm ®‚ 39.94 uk 

Biepicondylar diameter of ds 
humerus, em Jo 7.44 

Upper arm (musele " Ate 
+ bone) diameter, em Же 9.07 a 
Age, years 4 41.6 Ms 


-— 


'or economy 
muscularity аге concerned, However, the practical demands for icm 
in field Work served аз ап effective check on mensurational enthus 
Also, if the initial choice of Variable. 
sion equations the retury 
diminishes rathe 


z М egres- 

s is a happy one, in multiple esti 

ж ч r pre 

13 from increasing the number of [ 

T rapidly, " regres” 
a 5 n iple reg ; 

st-order Correlations aye Even in table 2. The multiy urements 

ы р Е : А asure 

Sion equation for estimating standard Weight from bony me: 


: elation 
and age ig given in table 3. The coefficient of multiple corr 
R= 0.6487. Using all the 7 


| de 
independent variables, we obtain ~ bot 
diction equati iven i able 4, When the significance of a it 
‘gression is tested statistically E an 
at the Contribution of cristal height is E the 
Johnson, 49, “specially р. 339) does not a ient for 
coefficient of multiple Correlation (R= 0.772), The beta coeffici 


m 1еуе 
ME è s 5% 

the biepicondylar diameter of the humerus does not reach the 5% 

of significance, either when all 7 


‘dered 
E " onsid 
‘ Independent variables are sien hase 
or when the crista] height is eliminated, The prediction equa 


becomes apparent th 
its elimination (see 


эу fp x а " 2 
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TABLE 2 
_ Taterrelations between anthropometric data on 238 Minneapolis firemen 
— X. X. х, х, X. Xe X 
Y a 
Weight ATS 1304 4018 A095 5082 5899 1213 
Ns 
Height SOL 5241 4154 4067 2138 —.2094 
Xs 
Cr. height 5166 A138 3830 1493 —.1469 
X; 
Bier. diam. 3882 .4710 1585 -2370 
Bn 
Biner. dinm 3056 .2355 —1695 
A = Е 
Biepic. diam. йй ао 
>. Ж 
Arm. diam. —.0984 
x, 
Age 
—— 
TABLE 3 
Multiple regression equation for predicting body weight (¥) 
from bony measurements (X, to Ys) and age (¥) 
ў = +0.532 X, 
—0.220 X; 
+1.088 X; 
4-1.114 X, 
45.772 Хь 
4-0.134 X; 
—]11.704 mpm 


Prediction equation f ; 
7 independent variables 


TABLE 4 
or body weight (3), with 


na j= +0.379 X, 


+0.003 Xs 
-1.085 Xs 
40.837 X. 
41.836 Xs 
0.996 Xs 
40.20 X; 
—135.995 
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ieri i T is upper arm 
on standing height. bicristal and biaeromial diameter, ye Rew 
i 1 1 fey “es -orrectec or & 
diameter caleulated from the arm circumference and emp bes 
к йы " " z н cull TRE able 7, 
cutaneous fat, and age is given in table б. As indicated in ta 


TABLE 5 


t-lests of the statistical significance 


of the beta coefficient in multiple 
regression equation with 


7 independent variables 


VARIABLE 


XX, Height 
Ya Cristal Height 
Ya Bicristal diam, 


3.015"? 
Fa Biacromial diam. 3 


3.30]*** 
Xs Biepicond. diam. 
of humerus 


1.525 
Ys Upper arm diam, 0:085 *«* 


X5, Age 5.828*** 


Levels of significance: 


= 3.201. 
* tors = 1.960; ** looi = 2.576; *** tuos 


TABLE 6 
Prediction equation for body weight ($) after thc climination of Хь 
(cristal height) and X, (biepicondylar diameter of the humerus) 
ك‎ 0ИНИ 


= +041 x, 


+0.885 Y, 

+7.349 Y, 

+0.220 x, 
—137.510 


TABLE 7 
t-tests of statistical significance of the beta с 


ocfficients in multiple 
ion with 


regression equat 5 independent variables 


VARTARLE E i sa 
Xin Height Ир 
Xs Bierista] diameter 3.42] 
Biacromia} diameter 3.619 
toy Upper arm diameter 11.109 
» Age 4.252 ее” 
For comparison, toon = 3.29] 


_____ ےر 
FY‏ 
е ——_‏ 
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coefficients of all 5 vari ЧИ MER 
ients of all 5 variables are statistically signitieant beyond the 0.176 
s a measure of museular (and bony) 


Hie with the upper arm diameter, û 
Be ec К : à 
elopment, standing out as the variable with the highest ¢-ratio. 


SUBCUTANEOUS FAT 
weight standard, defined above, may be inter- 
s of adiposity than when skeletal width and 
at the standard (reference) 


Deviations from the 
preted as * purer " measure 
museularity are not considered in arriving 
Weight. 

The characterization of the individual's 
be obtained, more directly and in still more 
of the depth of the dela subcutanea. It is well known that a large frac- 
tion of the total amount of adipose tissue is contained in the subeu- 
taneous fat depot which can be characterized quantitatively by measuring 
the thickness of the skinfolds by calipers or by noting the layer of skin 
plus subcutaneous tissue in soft-tissue roentgenograms (Reynolds, ?51). 
At present only the use of calipers comes into consideration {ог extensive 
field work, although the development of portable x-ray machines using 
thulium oxide or other radio-active materials as the source of x-rays 
(Untermayer, ö4, Army Medical Research Laboratory, 05), may sub- 
Stantially change the situation. 

n the absolute thickness of the subcutaneous 
distribution over the 
istribulion (cf. Gam, ^05), 
f sites should be large and 
soft-tissue x-rays of 


relative leanness-latness may 
“pure” terms, on the basis 


Individuals vary both i : 
body surface. For 


“ 
lat? at a given site and in its 
ern of individual fat d 


the number o 
nented by 
erie region OF thigh) which are not 
t which show marked individual 
als along the leanness- 


characterizing the patt 
us à component of bod 
skinfold measurements 8 
those areas (such as the trochant 
Suitable for skinfold measurements bu 
differences, For purposes of el ying individu lon s 
field surveys; in schools, in clinies—the goal is 
imber of sites which are suitable for skinfold 
in proper combination. the optimal measure 


y form, 
hould be supplen 


Pie continuum—in 
О select a minimum n! 
Measurements and provide, 


9f relative adiposity (obesity)- } Я 
x Ж «Teas Sever: si ions, such as accessi- 
The selection of sites 1Y olves several considerations, suc 8 


bility, precision in locating the site, relative homogeneity of the layer of 
skin and subcutaneous fat in а given region, and validity as an index 
of total fat (BroZek and Keys, 51). While measurements of skinfolds 
have been made for some 65 years (Richer, 1890), substantial progress 
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in the systematic examination of the methodological matters has been 
made only in recent years (cf. Edwards, '50). 

Considering all the criteria in terms of which the sites must be 
judged, the first prize goes unquestionably to the dorsal skinfold measured 
at the upper arm (over the triceps), with the skinfold parallel to the 
long axis of the arm. The upper-arm site has the great advantage of 
an almost universal accessibility in both men and women. However, the 
changes in the thickness of the subcutaneous fat from the elbow toward 
the shoulder are large and fairly rapid and if the measurement іх to 
have meaning the location of the site must be rather precise. 

The subscapular skinfold is readily measured and has the great 
advantage that the layer of skin plus subcutaneous tissue is fairly 
uniform in this region. Consequently, the demands for precision of 
localization are less severe than in the case of the arm. 

A variety of other sites have been examined in terms of accessibility 
and validity. The site along the mid-axillary line, at the level of the 
xiphoid process appears especially advantageous (see Pascale, Grossman 
and Sloane, 755). 

There are rapid changes in the thickness of the skinfold going hori- 
zontally from the umbilieus to the mid-axillary line as well as from 
the mammae toward the axillary fossa (with the arm pendant). This 
makes precise measurements in this region more difficult. Yet, in men, 
measurement of the skinfolds next to the umbilieus and to the nipple 
appear useful, even though at times it is impossible to lift a true “ skin- 
fold ” їп these areas so that fat individuals appear actually fatter. In 
Some individuals with a « pot-belly? the maximum thickness of adipose 
tissue is located definitely below the level of the umbilicus and, for some 
purposes, the measurement of the largest abdominal * fold,” to the right 
of the midline (sagittal plane), may provide useful information. 

In order to make the readings com 
dardize not only the points on the ] 5 ress 
with which the calipers 


calipers has been recognized some time ago and various experimental 
models were designed at the Laboratory of Physiological Hygiene, Uni- 
versity of Minnesota, and elsewhere (Correnti, ^47, Best, >54, Edwards 
et al., 55). ? à ý | 

It has been a general experience that a pressure of about 10 gm/mm* 
is, on several accounts, preferable to Very low or to very high pressures 
(Brožek et al., 54). : 
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The skin s if i 
e skin should be lifted by firmly grasping the fold between the 


th xit: 

S ыга > pn of the left hand. about 1em from the site 

HERE Ша : ЫШ It should he remembered that we wish to 

lus fais rs ness of а complete skinfold (double thickness of skin 

dis MEET | anea) and should adjust accordingly the stretch of the 

With r^ Барым the thumb and the forefinger. 

rapidly, pow MNA standardized, normative data will accumulate 

антар м ми ‘aie should be reported, preferably, in the form of 

e BEL tions. Such data are given in table 8 for 238 adult men 
ers of the Minneapolis Fire Department). From the distributions 


horms e; 
S C nlenls А а : B + 
an be calculated rapidly according to ones particular needs. 


Wi P 
Pie aee о eie. — bs right, centiles 
these continu st means for defining an individual's position along 
: а. 
ee ee as normative reference points, will vary 
ла ў. m p igator's or clinician's needs. When we draw an 
Bo Е enims including not only subeutaneous fat but also 
аа n size and of muscular and bony development, dividing 
individu ^n don into 10 units may be preferable (deciles). For grouping 
ith s als into average, lean and fat, and very lean and very fat the 
› 20th, 50th, SOth, and 95th centiles would be more useful than 


deciles : ЖИ ТИР? A 2 
les. Such values, derived from distributions deseribed in table 7, 


are given in table 8. 
in _ toward increased fat dep { hange 
Brozel distribution of subcutaneous fat are well known facts (Skerlj, 
TAT 5 and Hunt, 253). In the present sample there is à low but statis- 
diii. signifieant correlation (7 == 0.276) between age and the combined 
old thickness. Consequently, norms derived from samples with 
framework for evaluating 


a more precise 
For other purposes the use of 


g шеп” can be justified. The 
blind use of any set of norms. 
men with arm skinfolds of 
only one of five 


position with age and some changes 


ege age ranges will provide 
neg individual's leanness-fatness. 
a * obtained for * healthy normal youn 

pose of this comment is to warn against 


" Among Minnesota firemen, for example, 
T or less thickness are definitely on the thin side; 
è So thin. But as shown in table 10, the norm for thinness would be 


differently placed in other population samples, even if care is taken to 


consider only clinically healthy men of given аде. 
Various procedures can be used for combining several skinfold mea- 


8 д 
urements into a single index of leanness-fatness. Numerically, the 
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simplest approach is to add the skinfolds and obtain normative values 
added measurements. This was done 

skinfolds in tables 5 and 9. When 
d. the regression eorflieients in а 
of the relative importance 


base 2 H H 
ч sed on the distribution of the 
or the : 

| the upper arm and subscapular 
а larger м 

arger number of sites has been use 
wovide a measure 


1 i ‘ 
nultiple regression equation | 
overall estimate of le 


ef specie si В ne 
peeilie sites in arriving at an anness-fatness, 


TABLE 9 
Skin : 
^ һе norms based on Minneapolis firemen (N = 41.6 years, range 
25 to Us — «xis s Р / 9 
j3 wears). NSkinfolds were obtained with a pressure of 10 gm/mm square 
of the contact surface, The values were ro 


ү = 238, mean age 


unded to the nearest 0.0 mm 


ae CENTILE 
SKINFOLD OTH зоти 50TH SOTI 95TH 
Upper arm 7.0 9.0 12.5 10.5 20.0 
Subscapular 8.5 11.5 16.5 23.0 33.0 
Arm plus subscapular 16.0 21.0 29.0 40.0 51.0 


TABLE 10 
m skinfolds of 9 mm 


Perce 
ercentage of clinically healthy employed men who have ar 

ç The data on Cape Town (South Africa) and 
ed by Dr. А. Keys 


or bess in thickn 


Sardinian samples were provid 


AGE 
Range GROUP 


20 


iremen 


Minnesota F 


NO. OF MEN 


238 

от Саре Town Whites 19 

93 Cape Town Coloured 50 
113 Cape Town Bantu 60 
97 43 30-60 Sardinian Police 51 


ness. It is a distinet 
it provides means for 
to the most economic 
body density) is lacking. 
tool 
tant 


1 of leanness-fat 
regression analysis that 


{ variables (skinfolds) 
erion (such аз 


using body density as 3 criterior 


advantage of multiple 
reducing the number 0 
number, Where an external erit 
the technique of factor analysis (see Chen. 53 
of statistical analysis and economic description of fatness as an impor 


Component of man’s physique and nutritional status. 


) represents a useful 
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COMMENT 


In the sample of Minneapolis firemen, the combined measures e M 
bony and muscular development and of age accounted for aant АЦ js 
of the interindividual variance in body weight (J£ — 0.5959 ie i 
independent variables, and R? — 0.5918 for 5 predictors ol body ery 
By comparison, the coefficient of determination for height, 7 =ч 
For the corrected upper arm circumference, which is the hest me 
predictor of weight, r? = 0.3479, Clearly, the gain from combining the 
measurements, together with age, is sizeable and F, the predieted weight, 
is a good deal more precise and biologically meaningful standard than 
can be obtained from the traditional height-weight tables. " ' 

However, the remaining limitations should be recognized. Повар 
there are the limitations inherent in the sample itself. Secondly, perhaps 
a better choice of the predictors of weight could be made. Certainly, the 
number of variables could be increased. Instead of caleulating = 
approximate diameter of the arm, it might be preferable to actually 
measure the total external diameter of the arm and deduct one-half м 
the skinfold over the biceps and the triceps. In the present study only 
the dorsal skinfold (over the triceps) was measured. к 

While the weight “standards,” derived in the way described ш 
the body of the paper, represent a substantial improvement in the 
anthropometric description of nutritional status, there remains—as à 
part of the standard error of estimate—the components contributed by 
the unaccounted variation in the size of the skeletal musculature, in p 
density of the Skeleton, and the size of viscera, The contribution а. 
these components їп a multiple regression equation is likely to be small. 
The fact is that at present it is unknown. 

Last but not least, we deal here only with descriptive essa 
The overwhelming bulk of the data on the significance of individua 
variations in physique, Tepresented by the insurance data on mortality: 
is limited to variations of weight at different heights (Armstrong et al- 
51). І 

As in all descriptive standard, age is “built” into these reference 
values. However, it may be desirable (cf. Metropolitan Life Insurance 
Co., 42), to set the value of age at the level of “young adult,” pops 
imply reduce the value of iem 
intercept (— 137.510 + 0.220 X 30 =— 180.910), leaving 4 indepen 
dent variables (height, the two lateral diameters, and the corrected her 
diameter). However, should such an “absolute” standard be desired. 
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the calculation of "dieti quati 
pie y ee piede 
preferable. nd ОНОМЕ 
The thickness of skinfolds is а si re direc 5 
of leanness-fatness {һап ЫП же сейн с [^ votre 
ment itself is fairly simple even though the p ud , x puces 
Vete ы Mo x thoug > procedure must be stan- 
eet aim ш terms of precise location, firm pressure exerted on the skin- 
y the fingers in lifting the skinfold, constant distance between the 
= at which the skinfold is lifted and at which the calipers are applied, 
xn а р of the calipers—if ihe values are to be comparable 
Rigi vie cs io individual and from group to group. A systematic 
мі e infold measurements will unquestionably increase the contribu- 
anthropometry to the study of nutrition. 
llowever, the matter of skinfolds and fatness is not as simple as 
Some of the problems, such as the 


I might appear at first sight. 
Apparently differential rate of increase of the external (subcutaneous) 


and the internal lat, were noted elsewhere (Brožek, 35). The selection 
ol the skinfold sites for field work involves a compromise between the 
several criteria of “desirability,” such as accessibility and validity, as 
Капдей from correlations with body density, an index of total body fat. 


r 

Thus or й Р : rats 

hus the chest skinfold, measured in the juxta-nipple position, has 
ung men (Brožek and 


пови repeatedly а high validity for normal yo 

Keys, ^51; Pascale, Grossman and Sloane, 55). Yet, the steep gradient 

this region may make the use of the site 
it can not be used in 


of " а 
the subeutaneous layer in 
In any case, 


Of dubious value in other hands. 
studies including older girls and women. 
" ^ point requiring additional thought concerns the use of absolute 
ү, relative skinfolds, caleulated as ап index in which the skinfold 
thickness is related to total body length or to the length of a body 
, ement (e.g. upper arm skinfold and the length of the upper arm). 
The fact is that absolute skinfolds, in reasonably homogeneous age 

ў ationship to body length. Thus in a sample of 179 
Minneapolis firemen, 30 to 49 years old, the correlations between height 


and the arm skinfold, the subscapular skinfold, and the combined (total) 
*kinfolg thickness yielded rs of 0.022, 0.005, and 0.012, te. the two 
"5peets of the body are independent. On the average, in the given sample 

olds of about the same thick- 


the g an 
he short men and the tall men have skin! 
ld appear satisfactory. On the 


ness, and a single set of norms wou 
Other hand. in relative terms (Skinfold/Leight) the taller men would 
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8toups, show no rel 


¢ thinner, 
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SUMMARY AND CONCLUSIONS 


“Nutritional status” (nutriture) has several facets, described in 
terms of clinical examination, laboratory (biochemical) analyses, е 
measurements of body size and body composition. It has been аа 
and reemphasized more recently by the Joint FAO/WIIO Expert Com- 
mittee on Nutrition (51. 755) that anthropometry provides ponan 
though limited, tools for the assessment of nutritional status. It 5 
noted that the physical dimensions of the body depend. in part. on the 
individual's nutritional history. The need for objective specification ol 
body or skeletal “types” in the assessment of body weight was pointed 
out. Among the anthropometrie measurements useful for ONE 
light on the nutritional state the importance of skinfold thickness а 
underlined. The thickness of the subcutaneous fat layer, Ша 
measured by the skinfold caliper or on suitable roentgenograms, Was 
considered to provide a more satisfactory index of relative fatness and 
nutritional status than the body weight. Finally, the means of esti- 
mating muscular development of an individual from combined measure- 
ments of the circumference of the extremities and the subcutaneous fat 
thickness were noted. " 

In the present study these problems were considered on the basis 
of empirical data obtained on 238 members ol the Minneapolis Fire 
Department. 

Height (1), cristal height (2), bicristal (3) and biacromial (4 4 
diameter, the distance between the epicondyles of the humerus (5), "n 
diameter of the upper arm less the skin and subeutancous adipose tissue 
(6), and age (Т) were used as predictors of body weight. The multiple 
1 0.710. Eliminating two variables (2,5) which did not contribute 
significantly, R = 0.769. | 

The deviations from such a weight standard, expressed in kg d i 
а ratio of the actual to standard weight, can serve as a substantially 
improved measure of adiposity. By constrast, the individual's 
tions from the standard, obtained by using the traditional height-weigh 
tables, are complex values in which the contributions of the variations 
in body build, especially in the lateral size of the skeletal framework, 
muscular development, and adiposity are not separated. 

The problem of adiposity can be approached more directly by e 
suring skinfolds. The questions of standardization were examined а! 
preliminary descriptive norms for adult men were provided. 
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Some of the :olv 
"e = of the unsolved problems, both at the level of anthropometric 
ption and biological interpretation of individual differences in 


nutritional status, were noted. 
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BODY BUILD AND BODY WEIGHT IN 25-YEAR-OLD 
ARMY MEN 


BY ROBERT M. WHITE 


Quartermaster Research and Development Center 
Natick, Massachusetts 


of body weight and its general relationship with 
n biology. However, 
upon variability in 
e which certainly 
represents an 
or of laterality 


HE variability 
stature is a familiar phenomenon in huma 
Se problem of the effect of the size of the frame 
sody weight among men of the same stature is on 
merits further examination. The following material 
attempt to investigate this question by considering the fact 


in body build. 

The basic material utilized in this analysis was taken from anthro- 
pometrie data collected by the U. S. Army Quartermaster Corps in 1946. 
At that time, body measurements were obtained on approximately 85,000 
Soldiers who were being separated from the Army during the demobiliza- 
tion process. 

Tn order to eliminate the yariability of we 


B as limited to men in the 25-year-old group. 
3550 American-born White males was available for this analysis. The 


data actually utilized, however, were based on a series of approximately 
2650 men. Body weights in this series are nude weights; stature was 
taken without shoes, and the body measurements Were taken without 


clothing. 
In this group, the to 


ight with age, the sample 
A series of approximately 


of stature is from 59 to 77 inches; 
Owing to small numbers 0 e extremes, a stature range of 
from 62 to 75 inches was selected for analysis. Body weight in this 
group varies between 100 and 270 pounds. The frequency distribution 
of stature in the series is normal, while the frequency distribution of 
Weight shows the characteristic skewness to the right. Mean stature 
for this group is 68.6 inches, wi andard deviation of 2.4 inches, 


tal range 
f men at th 


th a st 
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while mean weight is 157.0 pounds with a standard pis qud n 
pounds. "The coeffieient of correlation between stature and weight 18 
urs available anthropometric data include several body Чишш 
as well as circumferences. Since it was felt that a diameter would ues 
à better measurement of laterality than a circumference, bi-deltoid, chest 
breadth, chest depth, and bi-iliae diameters were selected. for considera- 
tion. Of these, the chest breadth and bi-iliae diameters seemed to offer 
the most promise since they are diameters taken between points on the 
bony framework of the body and are affected less by intervening fat. 
These two diameters were taken with an anthropometer. with pressure 
being applied. 

A bi-variate distribution of stature and chest breadth diameter Mas 
then prepared. Mean chest breadth for this series is 11.2 inches, with 
a standard deviation of .8 inches, while the coefficient of correlation ib 
stature is +.271. A regression line, derived trom the regression e&t 
of chest breadth on stature was plotted on the bi-variate chart. With this 
regression line as a base, the frequeney distribution of chest breadth 
was divided into three groups by utilizing the probable error of the 
regression. These three groups may be taken to represent men with 
small, medium, and large chest breadths in a 25, 50, and 2566 ratio. 

The mean hody weight was then calculated for the small, medium. 
and large chest breadth groups for each inch of stature. There bind 
considerable variation in these means of body weight; the medians 
showed even more variability, In an attempt to reduce some of this 
variability, Separate bi-variate distributions of stature and weight id 
prepared for the small. medium, and large chest breadth groupings- 
Values for weight calculated from the regression equation of weight on 


2 " re 
stature for the three groupings of chest breadth are belived to be mo 
consistent and reliable than 


A similar analysis v 
bi-iliae diameter, The 
inches, with a standard 
correlation with stature 
breadth. As in the са 
of small. medium and ] 
were obtained. 

The results from these two 
gives 6 mean weights for e 


the simple means, 1 
"as carried out with the data for stature anc 
mean bi-iliae diameter for this series is 114 
deviation of .8 inches, and the coefficient е 
is +.336, slightly higher than that of = 
2 of chest breadth, values of weight for groups 
arge bi-iliae diameters for each inch of stature 


" Mais able 
analyses are shown in table 1. This i 
: н à inche 
ach inch of stature between 60 and 78 ine 
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опе for eac ranpesonti 1 
| ог each group representing small, medium, and large chest breadths, 
and similarly » f i 
similarly one for each group representing small, medium, and 
Since the analyses were based upon stature 


large bi-iliae diameters 
data between 62 and 75 inches, the weight values for 60, 61, 76, 77 and 
75 inches of s its of d 

inches of stature have been extrapolated. "The limits of the chest 


TABLE 1 
Mean weights of 25-year-old army men (pounds) 


BI-ILIAC DIAMETER 


! BREADTH 


CHE 

б ies Small Medium Large Small Medium Large 
U 115 127 141 121 125 136 
ul 118 130 145 124 129 140 
D 134 148 127 132 144 
63 137 52 130 136 147 
64 141 156 133 139 151 
65 144 100 136 143 155 
66 148 163 140 147 159 
67 151 167 143 150 162 
os 154 171 146 154 166 
69 158 174 149 157 170 
то 161 178 152 161 173 
il 165 182 155 164 177 
T2 168 185 158 168 181 
73 172 189 162 171 184 
74 175 193 165 175 188 
75 179 197 168 179 192 
76 182 200 171 182 196 
i7 186 204 174 186 199 
т 189 208 177 189 203 


ature аге: small, below 10.0 inches; 
hes; and large, above 11.0 inches of chest 
the limits are : small, below 11.5 inches; 
above 12.5 inches. Similarly 


breadth groupings for 60 inches of st 


medium, 10.0 to 11.0 ine 
breadth. At 78 inches of stature, 


medium, 11.5 to 12.5 inches; and large, 
the limits of the bi-iliac groupings for 60 inches of stature are: small, 


below 9.9 inches; medium, 9.9 to 11.0 inches; and large, above 11.0 
inches, while at 78 inches of stature, the limits are: small, below 11.9 
inches; medium, 11.9 to 13.0 inches ; and large, аруз 18.0 inches. 
For many years, tables of “ideal” or <“ desirable’ weights have been 
published by insurance companies. based upon medico-actuarial studies 
of large series of insured individuale. -\ table of this type. published 
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by the Metropolitan Life Insurance Company of New York, is entitled, 
Desirable Weights for Men age 25 or Over. This table represents mini- 
mum and maximum weights for men with small, medium, or large 
frames, for each inch of height between 62 and 75 inches. The range 
of weight for each inch of stature and each type of frame is approxi- 
mately 10 or 12 pounds. In this table, weights are given “as ordinarily 
dressed,” and heights are given “with shoes.” The small, medium, and 
large frame categories are not defined. 

The Army data indicate slighily higher weights for men with small 
bi-iliac diameters than for men with small chest breadths; in the 
medium body build group, weights are virtually the same for chest 
breadth and bi-iliac diameter; while in the third group, weights are 
higher for men with large chest breadths than for men with large bi- 
iliac diameters, The maximum figures for weight in the small, medium 
and large frame categories of the Metropolitan table come close, in 
general, to the mean weights based upon the bi-iliae diameter of the 
95-year-old Army men. In any case, the area bounded by the lower 
and upper limits of weight in the Metropolitan table fell within limits 
indicated by lines Tepresenting one probable error above and below the 
line of mean weights, based upon either chest breadth or bi-iliae diameter. 

In addition to the investigation of the effect of laterality on body 
weight, involving chest breadth and bi-iliac diameter, another phase of 
the present study consisted of a similar analysis based upon trunk height. 
The trunk measurement is essentially sitting height less the head and 
neck, and represents the length of the trunk or torso of the body. In 
tlio present series, mean trunk height is 23.1 inches, with a standard devia- 
tion of 1.1 inches. and the coefficient of correlation with stature is +.602. 
The same procedure as described above was followed for the analysis of 
trunk height, with the following results, Owing to the comparatively 
aighi positive correlation between trunk height and stature, the three 
Broupings of trunk height, through use of the probable error of the 
Tegression, were not nearly as well-defined as in the сазе of the diameters. 
The mean weights which were then ealeulated for the small, medium. 
and large trunk height Sroups were also quite irregular. It may be 
concluded, therefore, that a preliminary investigation ‘of the relationship 
between trunk height and stature indicated that a length measurement, 
such as trunk height, is not as satisfactory for the consideration of vari- 
ability in body weight as is a diameter. 

In summary, an analysis of Weight and body build was carried out 


BODY BUILD AND WEIGHT IN ARMY MEN 145 


Me i es oe 3550 25-year-old White Army separatees. 

нум осв пиш, mean weights are presented for small, medium, 
qm E M Sipinga ot chest breadth and bi-iliae diameter. 

1e material presented in this paper represents only a preliminary 


"investigati 1 ч : 
estigation of the problem of laterality in body build. However, the 


iy presented in table 1 are those for definite categories of body size‏ ا 

5 ermined by the use of chest breadth and bi-iliac diameters. 

thay. е ا‎ shown in the Metropolitan Life Insurance table, although 

body ш. fairly closely the Army values, are for categories of 

ps Roy in which the determination of the size of the frame is not 
or defined in terms of any body diameter. 
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VARIABLE FACTORS IN SKELETON WEIGHT 


BY MILDRED TROTTER 
Department of A natomy, Washington University, 


Naint Louis, Missouri 


se HE skeleton is a living and not an inert tissue. New bone is 


constantly being formed and bone is ever being resorbed, not 
necessarily at the same rates in all bones or even in any one area of a 
given bone” (Howard, 751). However, it is believed that the skeleton 
changes less in weight than do other components of the body when 
there is either a marked increase or decrease in total body wight. 

In the field of nutrition it is desired to know the contribution made 
by the skeleton to total body weight. Tt was assumed in 1950 by the 
authors (Keys ef al.) of The Biology of Human Starvation “that d 
the average 1656 of the body mass is normally provided by the bones. 
Of the three individual determinations cited, the lowest was 148% 
found by Mitchell et al. in 1945. In 1953 another body was analyzed 
in Mitchell’s laboratory and its skeleton weight in per cent of total body 
weight was 17.6%, matching exactly the average arrived at by Wilmer 
in 1940 from a search of the literature. These scant data support the 
premise that the weight of the skeleton is relatively stable in its relation- 
ship to the body as a whole, ` ; 

Matiegka had Proposed in 1921 that the weight of the skeleton 1? 
the living could һе estimated from a formula based on certain measure- 
ments. These are stature (S) and the maximum transverse diameter 
of the lower end of arm, forearm, thigh and lee (4TD). The indicated 
sites for measurement are bony prominences which are relatively free 
from overlying soft parts. The formula is: 


Stature, em X (average 4TD, cm)? х k, = Skeleton weight, gm. 


The coefficient, Ё,, which is still to be determined but was believed to be 
from 1.0 to 1.2, was recommended to “equalize all arisen errors.” 


"Which the sk 
he skeletons came were known, but the 


VARIABLE FACTORS IN SKELETON WEIGHT 147 


Rece М ati Fe. ob 

male тае Кү z — was tested on a series of 24 White 
E "nib E oleskan with an age range from 18 to 
and age with 3 eid p = ie skeletons were selected for completeness 
т 4 in each decade. The statures of the cadavers from 
{ай я transverse diameters were 
bon рсете directly rather than before skeletonization. It was 
Жер, aT E, omm variables, stature and the transverse dia- 
Silio qe] re : atiegku’s Тош һауе а statistically significant 
VERE: ik is LT cops with the dependent variable, total skeleton 
Meat ne E | de probability of <.001 and a standard error of 
ously anus gm: t should һе noted that this probability was errone- 

dps ich ^p in the previous publication. 
йй E ipt io tind other variables which are now 
skeleton weight or which may have a bearing on this problem 


ушы Ж 
t was discovered that: 


highly cor- 


ed with skeleton weight ; 


age is not significantly correlat 
eight of .6909 


stetne has a correlation coefficient with skeleton W 
with a probability of <.001; and 

pev weight has а correlation coefficient with skeleton weight of 
9591 with a probability of <.001. 


or rather the average weight of the 


ation coefficient with the total 
ng the femur, which could 
These include average 
picondylar diameter, 


Sine г i 
Since the weight of the temur, 
high correl 
actors concerni 
were tested. 


Imi - М p 

a of femurs, has such a 

skelet e ә [ 

ү hs weight, certain other 1 
ermined in the living subject, 


maxi ] г rd 

i ximum length of a pair of femurs, 

sur 1 И = ] 

» u of the outline areas of photographs ot aken from an 
nterior vi ; Г [ i i 
terior view and, finally, sum of areas of compact bone in the middle 


half of the femurs shown by N-ray, e tube six feet from 
the film, postero-anterior view. The areas we a plani- 
meter. The tests show that: 

a correlation coefficient. with skeleton weight of 
ability of «015 
a corr 


average bi-e 
actual size t 


taken with th 
re measured with 


femur length has 


.5833 with a prob 


iameter has 
ha probability of <.01; 


lation coefficient with sk 


bi-epicondylar d elation coefficient with skeleton 
weight of .5344 wit 
area of femurs has & corre 
7159 with a probability of <.001; and 
one has а correlatior 
ability of <.001. 


eleton weight of 


a coefficient with skeleton 


area of compact b 
weight of .7634 with a pro 
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The femur is the longest bone in the body and the heaviest single 
bone. The skull is heavier and may be considered as a unit since only 
the mandible is a separate bone. The hip bone, largely cancellous, 15 
also relatively heavy, although not as heavy as either femur or skull. 
Because of Matiegka’s suggestion that diameters of limb bones are indica- 
tive of the weight of the skeleton, the greatest breadth of the pelvis and 
the greatest antero-posterior and transverse diameters of the skull were 
tested, also. The indication of correlation between either of these dia- 
meters or of the weight of the hip bone with weight of the total skeleton 
was not sufficient to warrant further study. 

These findings show that the configuration of the internal structure 
of bone is a more significant factor than either size or age in determining 
its weight. In long limb bones is found a greater proportion of compact 
(substantia compacta) to cancellous or spongy (substantia spongiosa) 
bone than in other bones excluding the skull. When the balance between 
resorption and formation of bone in an adult is lost and resorption 
becomes greater than formation it is the cancellous bone which is reduced 
first. Experimental studies on rat femurs, for example, have shown that 
the cancellous bone was reduced after a period of low calcium intake} 
when the period was extended and the intake was less, the reduction 
included the internal portion of the compact bone (Ellinger, Duckworth, 
Dalgarno, 52). The comprehensive work by Amprino and Bairati (36) 
includes a survey of the compact bone of the femoral diaphysis of 94 
individuals from 8 months prenatal to 94 years of age. They found that 


this imbalance between resorption and for 


mation occurs in man after 
middle life. 


The process of resorption of the internal wall of the dia- 
physis is no longer compensated for by redeposition, so that a spongy 
Stratum of bone occupies the area which has been the most internal 
portion of the compact Substance. 

Does this process of change and reduction of the internal architecture 
of the femur occur in all bones of the Skeleton? And, what change, if 
any, occurs in the chemical composition of bone? For the most part, 
analyses of bones, both animal and human, have been made on small 
samples of a particular bone, and most often of a selected long limb 
bone. The evidence found has been extrapolated to include not only 
the entire bone, but, also, the entire skeleton. In 1953, after analyzing 
the second cadaver, Mitchell and his co-workers at the University of 
Illinois concluded that a single bone is not likely to give a true estimate 
of the composition of the entire skeleton. For each cadaver, they had 


—Á 
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analyze е 
nalyzed three bones separately, the remaining bones of each skeleton 


wer ixed and 
T d and samples only were studied. 
А dry, fat-fr is 1 i i 
y. fat-free bone is composed of organic and inorganic matter. 


o qiie lunas may be rendered. dry and fat-free, weighed, ashed, 
ie AE 1e¢ again. The difference between the weight of the ash and 
weight of the dry, fat-free bone before ashing is the weight of the 
In our laboratory the individual bones (with few 
letons from one Negro and 6 White cadavers 
eon so treated (‘Trotter and 
es of 10 more White male 
h bone was reduced 


organic component. 
exceptions) of 7 male ske 
жои from 45 to 89 years have b 
son, 535). In addition, the long limb bon 
The weight of the ash of eae 
ee weight. 
eights of the 
only small 


cadavers were ashed. 
- | ai 
to a percentage of its dry, fat-fr 
"ү à 
The average percentage ash w 


of 3 

TI all but one, of these cadavers show 
\ ; aren А à 
e long limb bones of this one cadaver are not ineluded in ihese 


averages Р ; 
ii erages because the percentage ash weights are 80 much lower than in 
: others. This reduction 1n percent eight was found in most 
о p : В 

the bones of this skeleton as will be show 


long limb bones of 16, or, 
differences (table 1). 


age ash w 
n later. 


TABLE ! 


r cent of dri, fat-fre 
davers 


c weights 


Average of ash weights in pe 
of long limb bones from 16 са 


— BONE AVERAGE RANGE 
Femur 66.5 65.0-68.1 
Tibia 66.5 63.4-68.5 
Fibula 66.9 
Humerus 66.6 
Radius 67.0 

S Ulna 67.2 


of these bones from 
pared with those of the 8 cadavers 
ach bone of the younger group 
ts counterpart in the older 
eight of the bones of the 


When the averages of the percentage ash weights 
the 8 cadavers 60 years and less are com 
over 60 years of age it is found that е 
shows a slightly higher percentage than i 


group. However, the average percentage ash w 
younger group is only 0.5% higher than of the older group and a much 
larger series is needed in order to test Из significance. A more pertinent 
test; would be a comparison of this older group with cadavers in the 


third decade of life. 
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The percentage ash weights of the 7 complete skeletons (table 2) are 
quite uniform with the exception of the 65 year old. This skeleton has 
a percentage ash weight of 54.5%, from 10 to 126 lower than any 
one of the other 6, which range from 64.8% to 66.9.9% 

The percentage ash weights of most of the individual bones com- 
prising each skeleton vary less than 5% from the percentage ash weight 
of the complete skeleton. In the 60 and 7? vear old skeletons, there 
are no bones whieh vary as much ax 5%. In the 89 усаг old, only the 
left patella has a percentage ash weight which 


is more than 5% below 


TABLE 2 


Ash weight in per cent of dry, fat-free weight of complete skeletons 


and range among individual bones of each 


AGE (YEARS) COMPLETE SKELETON Е RANGE AMONG BONES 

45 51.0-09.7 
56 55.2-69.0 
60 63.7-68.4 
65 28.7-71.3 
72 63.3-08.5 
73 53.4-69.9 
89 


49.2-69.8 


that of the total skeleton. In the 45 and 56 year old skeletons there 
аге three bones in each with low percentage ash weights; for the former: 
Sacrum, right clavicle and right hip bone, and for the latter: sternum, 
Sacrum and left hip bone. (The bone with the lowest percentage ash 
weight is given first and the others in order of increasing value.) In 
the 73 year old skeleton the Percentage ash weight of the sternum and 
Sacrum are each approximately 10% below that of the complete skeleton ; 
the vertebrae (excluding the cervical) are equally low and the left and 
right ribs, 6% and 8%, respectively, The bones of the 65 year old 
skeleton which have percentage ash weights as much as 5%, or more, 
below that of the total skeleton are Sacrum, sternum, and both hip bones, 
in that order, then vertebrae, right clavicle, ribs, tiliae, radii, and right 
fibula. Thus, it appears that when a reduction in percentage ash weight 
of a skeleton takes place, it occurs first in bones which are largely can- 
cellous. As the amount of reduction increases, it is extended also to 
include long limb bones which have а greater proportion of compact 
substance. The percentage ash weights of the cranium and mandible 


VARIABLE FACTORS IN SKELETON WEIGHT 151 


are c Sic . 

estore с 0 Та 5 skeletons, the mandible has the highest 
Milos i ^d ut пона is exceeded by the vertebrae and in 
ае Mni be ne The gen b teeth does not seem to 
imr Insee - моги ash weight. The differences between the highest 
BG teers | du uge ash weights among the bones of each skeleton 

Л in the 60 year old to 42.6 in the 65 year old. 

ash weights found in the 


It is of inter 
is of interest to compare the percentage 
at Washington 


two skele А рн 
The eletons at the University of Illinois with those 
nversity (table 3). 
TABLE 3 
Ash weight in per cent of dry, fat-f. weight of bones at the 
University of Illinois and at Washington University 


AGE BONE 
a OREN Tibia Ulna Rib ‘Total skeleton 
University of Illinois 
35 66.3 64.0 57.5 56.7 
#8 69.3 65.6 62.1 56.9 
Washington University 
65 55.9 48.0 44.8 54.5 
(6 others) 
45-89 66.7 67.3 63.1 65.5 


r 
P. 65 peat old skeleton at Washit 
ME ash weight which ditt 
Pai but the tibia, ulna and rib per 
Jonversely, the other 6 skeletons at W 
percentage ash weights which are 
at Illinois, but the tibia and uln 


In each of the 7 ske 
eight matehe 


same, 


total percentage ash w 
bones, but for both skeletons at Ilin 
were considerably lower th 
gested that this diserepancy b 
may be explained by 


bones and one rib of ea 
technique was 


a sampling 
Skeletons. 


the fact 


ch 


igton Univ 
ers from the skeleto 
entagt 
ashing 


considerably 


Jetons 8 
d rather cl 
ois the 


an those of the lon 


etween results 

that at Illinois 
skeleton which were 
utilized for the 


a percentages аге 


tudied at W 
osely that of the long limb 


total percentage ash weights 


versity has a total percen- 
ns at Illinois by less than 


es are considerably lower. 


ton University have total 
higher than the skeletons 
approximately the 
ashington University the 


g limb bones. It is sug- 


{тош the two laboratories 


except for two long limb 
studied in their entirety, 
remaining bones of the 
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From the evidence provided by these studies it is indicated that з 
process of metabolism in the adult does ‘not invariably matai m 
librium between the organic and inorganic components of the pones w 
and further, that such imbalance is not uniform among the с 
bones, but rather a progressive change which is initiated in one region 
and extended to other regions in an orderly sequence. TER 

It is suggested that the term * demineralization ” be limited in its 
usage to signify a reduction in the proportion of the inorganic — 
ponent to the organie component of a bone, and not to signify a Mis 
of atrophy in which there is a comparable reduction of both components 
in proportion to the size of the bone, As an example, imbalance between 
the components is present in osteomalac 
of newly deposited osteoid matrix, wh 
ponents is maintained in ost, 
degree of atrophy. А 

Since the size of a bone is one of the variable factors contributing 
to its weight a more critical determination of this factor than straight- 
line measurements is indicated. A measure of the volume enclosed within 
the surface of the bone might be useful in evaluating its weight. Deter- 
hip between volume and weight of each bone 
omplete skeletons with a wide age range would 


ia through failure of calcification 
ereas balance between the = 
eoporosis even though there may be a marke 


of different skeletons. On the same series of 
nts of the organic and inorganic components 


ion to the proportion of these components to 
each other. I¢ would be interesting, also, to explore the degree of 9017 
relation between the weight/volume ratio of the bones and their “ densi- 
ties,” determined from X-rays. 


In Summary, there has been presented : 


àn analysis of the 
certain diameters of 


evidence that the in 


degree of correlation between age, stature and 
the skeleton and weight of the skeleton; 
ternal structure of the femur is more highly 


o — 
+ ——D n 
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SKINFOLD MEASUREMENTS IN YOUNG AMERICAN 
MALES 


BY RUSSELL W. NEWMAN 
Quartermaster Research and Development Command, 
* Natick, Massachusetts 


INTRODUCTION 


HE growing use of skinfold measurements obtained with constant- 
pressure calipers has emphasized the need for large-scale surveys 
of selected populations to develop standards 


against which future studies 
can be compared. 


No single survey will be adequate in this field, even 
within one population, because age (Brožek, 52), sex (Škerlj, Brožek, 
and Hunt, ’53), and physical activity differences (Brožek, 54) will 
require subsampling beyond the capacity of most surveys. This report 
is not definitive, even in its selected sample of young American adult 
males, but it should provide data more extensive than presently available. 

The sample reported here consists of approximately 2,400 young men 
measured shortly after induction into the U. S. Army and before the 
start of basic training. Two thousand of these were re-measured after 
б or 7 weeks of training and an analysis of the changes which occurred 
in these men will be reported later. The series used here consists of 
2,017 American-born White males and 361 American Negro males. 
Certain comparisons between these racial groups have been published 
(Newman, 755). luded that no great error was introduced 
equation for converting skinfold measure- 
ments to body fat, although the original equation was based solely on 
White college students. 

This report will cover two aspects of the skinfold measurements 
obtained on these men. One, the basic statistics on the measurements 
will be presented for the use of other workers in the field. Two, geo- 


f ; А à " ing 
graphical and racial groups will be contrasted to show interesting 
differences between regional subsamples. 


It was cone 
by using the same regression 


- 
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i I iat were collected at 7 Army basic-training centers 
astern and southern portions of the country, from Maryland to 

essary to resurvey the men before the end 
n. EN gres could be visited in the time available. 
ter dai dus ivid ually selected for this survey, entire training 
inside ci s size being processed at each installation. The sample 
үн Б кшш» and of men inducted into the Army through 
Service from the eastern half of the country during the spring 


of 1953 E Я a м 
53. It is a series which has been medically screened for military 


service, wi — = 
, With very short and tall men as well as the very light and heavy 
the series is relevant 


ee ae The age distribution of 
el | w ell-known relationship of increasing fat with age. The 
5 je Whites was 20.7 years while that of the Negroes was 20.8. 
estricted (17 to 28 years old), as might be 


Ark d i 
гаць Jecause it was nec 
ol basic training, no western ce 


"ү 

The variability of age was n 

expected i : des sin н 
pected їп а sample of military inductees. 


ions of the sample will be apparent when 


The geographical restrict 
regional area comparisons are presented later in this paper. Only 21 
individuals are represented from the area west of the Great Plains. It 
'S possible that the inclusion of a proportional sample from this area 
might alter the statistics on skinfold measurements and derived body fat, 


but it is doubtful that a radical revision would be required. 


STATISTICAL VALUES FOR THE RACIAL SERIES 
Seven of these (stature, 


ised in the analyses. 
‚ and three (relative 


Ten measures have been t 

weight, and 5 skinfolds) were taken on the mel 
Weight, fat-free weight, and body fat) were calculated from the data. 
Stature was recorded as the maximum height to which the subject could 
Stretch with the feet firmly on the ground and the head and eyes level. 
Weight was obtained on the nude subjects with a physician’s type scale. 
The skinfold measurements have been described in a previous paper 
(Newman, 55). Relative weight, t. C- actual body weight expressed as 
percentage of the so-called « standard” weight for height and age, was 
calculated from the data provided by the medico-actuarial mortality 
investigation of 1912 as given in Davenport (33). The limitations of 
this standard in terms of body composition have been shown by Brožek 
and Keys (750) and its doubtful applicability to a military population 
Pointed out (Newman, 52). It has been included here because it remains 
à common standard even if an outmoded one. Body fat was calculated 

Fat-free weight is body 


by the formula of Brožek and Keys (251). 
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weight minus the c ; 1 

ihe den ате the fat; it has been equated with 

een car atria on the racial samples are presented in table 1. 

lim Buenos е iit included along with the mean and standard devia- 

Fito inei чі variables which include body fat are definitely skewed. 

fai ds tits arison of the means and medians (50th percentile) shows 
y stature is truly symmetrical in distribution, with fat-free weight 


approaching symmetry. 
RACIAL COMPARISON 


due that the racial groups differ considerably in the 
by plotti ody fat. This has been graphically illustrated in figure 1 
ing smoothed-curve distributions for body fat in terms of per- 

merical representation of the groups. 


centage fr 
tage frequency to equalize the nu 
Whites, but their frequency 


The N 

e Negroes 

disteit egroes are not only more lean than the 
bution is remarkably narrow. 


зо 
T 
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aM 
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— 207 WHITES 


361 NEGROES 


РАТ AS PERCENT OF WEIGHT 


Fia. 1. DISTRIBUTION or Bopy Fat. 
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The statistical significance of the differences between the White and 
igated by the use of Student's t-test. 
Unfortunately, this test presumes a ^" normal” distribution in both 


Negro mean values has been inves 


groups, a condition which is not fulfilled in most of these measures. oe 
the large numbers of individuals involved result in statistical significance 
for minute differences which can have no biological meaning. All men- 
sures listed in table 1 show statistically significant differences at the 176 
level except relative weight. Three of the measurements, body fat, chest. 
skinfold, and arm skinfold, showed *¿” values of much higher magni- 
tude, indicating maximum differences in these variables. Since body fat 
is calculated from the measured thickness of chest and arm skinfolds 
(plus abdominal skinfold), it is these sites of subeutaneous fat which 
appear most distinctive between the racial groups. "This phenomenon 
was noted in another type of analyses on this series and a possible 
explanation presented (Newman, 755). 


REGIONAL COMPARISONS 


In the following regional subsamples of these racial groups the 
analyses have been conditioned by the geographical distribution available 
in the series. It was necessary to select regional groupings which pro- 
vided reasonable environmental and historical continuity without unduly 
reducing the sample size. Although no geographic selection which uses 
political boundaries can completely satisfy biological analyses, a regional 
grouping of states where the men were born 


was essential, and the 
Selective Service areas util 


zed in previous Quartermaster Corps anthro- 
pometrie surveys were selected. 
regions, the Mountain States 
included for lack of adequate 


p З, re & wo 
These areas are shown in figure 2. Tw 
m en 
and the Pacifie Coast, have not be 
representation. 


NORTHERN AND SOUTITERN WHITES 


-\ two-fold grouping of the White subjects into Northern and South- 
ern is a convenient breakdown of the 7 regions shown in figure 2. 
Four northern regions (New England, Middle Atlantic. East and West 
North Central) and three southern regions (South Atlantic, East and 
West South Central) delineate the traditional boundaries. The means 
and standard deviations of the regional groupings are shown in table 2. 

Within the same limitations mentioned in the Negro-White com- 
parisons and with some doubt as to their applicability, a t-test of mea? 
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MIDOLE 
ATLANTIC 


west 
NORTH 
CENTRAL 


CENTRAL 


wEST 
soUTM 
CENTRAL 


ок NATAL STATES. 


Fio. 2. REGIONAL GROUPING 


TABLE 2 


Comparison of Northern and Southern Whites 


MEM md ВЕЕ 
1,283 т13 
NORTHERN WHITES SOUTHERN WHITES 
E Mean S. D. Mean S.D. 
‚ыык = == == 8 
Stature (in) 69.0 25 69.0 2.5 
Weight (1b) 156.3 23.5 150.3 90.8 
Relative weight (pereent! 107.4 14.0 ч ШВ 
Fat free weight (1b) 143.4 15.8 139.9 15.0 
Body fat ipe nt of wt! 7.9 6.4 4.6 
10.6 6.9 9.0 5.7 
12.0 5.6 10.4 5.0 
Back skinfold (mm) 14.2 0.4 12.4 52 
15.7 6.0 13.9 5.4 
ti 


Knce skinfold (mm) 
Abdomen skinfold (mm ' xe = 


13.4 
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difference indicated statistically significant differences such as were found 
between Whites and Negroes. Except for height, the southerners have 
uniformly lower values, including both fat-free weight and those measures 
influenced by body fat. This indicates that the sizable weight difference 
(6 pounds) is not solely a matter of leanness-fatness; the southerns are 
lightly builé with a demonstrably paucity of muscular tissue. 


NORTHERN AND SOUTHERN NEGROES 


An investigation of the Negroes on the basis of birthplace is com- 
plicated by two problems; one, over 80% of the Negroes were born in 
the south; and, two, there was an expectably large number of Negroes 
who were born in the south but who entered the Army at northern 
induction centers. For these reasons, the Negroes were separated into 
4 groups on the basis of birthplace and induction center. Since it is 
apparent that body fat is the crucial element of geographical differences, 
only this variable has been used; the data are presented in table 3. 


TABLE 3 


" т А 
Comparison of Northern and Southern Negroes in terms of body fat 
(as percentage of weight), estimated from skinfolds 


PERCENTAGE OF BODY FAT 
361 Negroes Number Mean S.D. 
Born in the south; inducted in the south 66 239 4.2 2.6 
Born in the south; inducted in the north 15 53 4.9 8:7 
Born іп the north; inducted in the north 18 64 5.4 4.0 
Either birthplace; inducted in the north 33 117 5.2 3.9 


ч It will be noticed that one possibility was omitted in this table: 
h egroes who were born in the north and were inducted in the south. 
Only pene cie fell into this category and this was much too small 
he ie cien oe purposes. It was not determined at what age 

individuals born in the south but inducted in the north migrated 
or whether their residence was continuous. The t-test showed no statis- 
tically significant mean diference in body fat between the southern 
Negroes on the basis of place of induction, but those born and inducted 
in the north differed from those born and inducted in the south at the 
5% level of significance. Negroes inducted in the north, regardless of 


` ms 
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birthplace, di -— 

the Ln d [oom significantly at the 5% level from those inducted in 

Suits sio о € comparisons suggests either that a selective 

{тай санта ws or that the northern environment (climatic, cul- 

ie ope Hane 4 eads to greater fat deposition. The findings on Negroes 
›ог in the south and inducted in the north, although not 


significa „а. н 
ntly different in body fat from those who remained in the south, 


streng 
rengthen the latter hypothesis. 


REGIONAL COMPARISON IN WHITES 


The lar 

=... ica of White soldiers available from the geographic 

adequate sam Pus igure 2 can be listed by area and still maintain 

балы], aca 1 es, Only two regions, New England and West South 
, are sparsely represented. The means and standard deviations 


for t] 
1e region: * Р 
gional groups are given In table 4. 


f the proportional representation which 


There is а suspicion 


UM 
his : 

table gives some idea 0 

qual numerical 


Went i 

ee north-south comparison in table 2. 
E EE be difficult to verify because of the une 
medium е of the states that а band of relatively great obesity with 
contrasts Es ularity stretches from New Jersey to Chicago and that this 
might be with a parallel band of leanness and low muscularity in what 
Appear called the Deep South. the Plains States 
high j peripheral to these conce and leanness but 
n fat-free weight (muscularity)- Hooton ed this con- 


clusi f 
0, ^3 x an analysis of body 
. Army men. He found that the 


high 
est concentration of fat men, and the highest percentag 
in New England. He ascribed the 
i tance of 


he ter 
Stig adi muscular types occurred 
Nation the two diverse belts of bo 
al extraction. He says: 
and New England 
4 why the former 
ent foreign 


dy compositi 


Cl ; 

stria the principal reasons why 
district ; show such profusion 
origin m so high in heavy men do with the P 
and Е industrialized areas, ың includes 80 MA 
аг men al Europeans. These countries provide 
hana сЕ down to the second generation bo! . On the other 
Suede. DM such as Southern Atlantic and Eas ‹ are mostly Old 
the sle n (which implies mainly i ) and, consequently, 
Portia, nder, tallish types of lig o come in dispro- 

mately large numbers from su 


likely t 
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This hy ч m 
inis гй i pipe v cena io reconcile with the data on Negroes 
extraction же waa сзи сап be little question of subracial or national 
group. Several diet ARI кышын difference in body fat with this 
nutritional backero r Lye are possible, such as climatic, economie, or 
a much larger U E. dise tie тайыш а between these factors and 

d . S. Army series for which body weight was available 


hay 
e be SAS = 
en discussed recently (Newman and Munro, 53). 


SUMMARY AND CONCLUSIONS 


Pee cas сн due erien measures of body composition 
Series of ai i argo series of young W bite adult males and a smaller 
Possible E eis - merican Negro males. The limited age range and 
the data for he military selection may restrict the applicability of 
Йй бп. Ag и) purposes but not the internal reliability for com- 
male and a re contrast emphasized the leanness of the young Negro 

s distinctive deficiency of subeutancous fat over the pectoral 


and tri 
lCeps roci е . : М . . 
ps regions. Geographie grouping of the men indicated a regional 
southerners in the amount of body 


The causes of these differences in 
evanee to human nutritional 


€ 

nens between northerners and 

body к Whites and Negroes. 

and Born not fully clear but their rel 
gical research is obvious. 
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BETWEEN THICKNESS OF SKIN-‏ و 
LDS AND BODY DENSITY IN 88 SOLDIERS *‏ 


BY LUKE R. PASCALE, MORTON I. GROSSMAN, HARRY S. SLOANE 
T | AND TOBY FRANKEL 
- Army Medical Nutrition Laboratory, Fitzsimons Army Hospital, 
Denver, Colorado 


INTRODUCTION 

thickness of skinfolds can be used 
ss-fatness (Keys and Brožek, 753). 
is for prediction of body 
Experience in the use of 
studies by L. R. Pascale 
ed that the estimated 


"ү 
: ue been demonstrated that the 
Ba L of leanne: 
Specific EHE (51) have derived equatior 
these e y from skinfold measurements. 
апа Medi pes this laboratory (Unpublished 
body Gumi Nutrition Laboratory, 53) indicat 
of "TED Fe F gravity was higher than would be expected in the groups 
Ment, eis | Refinements have been made in techniques for measure- 
Published t 1 skinfold thickness and body density sinee BroZek and Keys 
Told thick E estimating equations. Calipers for measurement of skin- 
Parallel ins have been designed in which the jaw surfaces are always 
to which e the spring tension is always constant regardless of the degree 
He atic} ne calipers are open (Keys and Brožek, 753; Insull a ds 54). 
the sin caliper has been developed at this laboratory (Best, D In 
рача. of body volume by underwater weighing, direct mea- 
Weight nt of residual air volume of the lungs at the time the үш 
modifi is taken has been introduced and the calculations have been 
$ ed to give а more exact value of body density (Brožek et al., 49; 
eys and Brožek. 5 
I roZek, 753). 
n the present study skinfold thickne 


any 
effici ber of different sites with calipers of 
ency of these measurements. alone and in various со 


55 measurements were made at 


two different designs, and the 
mbinations, in 


« 
The opinions expressed in this paper are those of the authors and do not 
tal agency. 


n 
°сезват] 
у represent those of any governmen 
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i 7 reighi was 
predicting body density as determined by underwater weighing 
examined statistically. 

METHODS 
Subjects. | 
i E aps ee T aie 
Healthy young soldiers at the post of Fitzsimons Army Hospital w 
с 1 i i analyses were 
used. A total of 100 men were studied, but the correlation analyses w 
amie 3 of i aucasians n over 
carried out on only 88 of these, excluding non-Caucasians and m e 
25 years of age. The means, ranges, and standard deviations of the g 
heig , І і relati i “sis are 
heights and weights of the 88 men used in the correlation analysi 


presented in table 1. All subjects were fasting for at least 6 hours 
before the studies. 


TABLE 1 


Age, body weight and height of 88 subjects used in correlution analysis 


STANDARD 
MEAN DEVIATION RANGE 
Age (years) 22.08 1.95 17 - 25 
Body weight (kg) 68.28 11.13 49.7-109.8 
Height (em) 172.43 94 ~193 


Skinfold measurements. 


Skinfold thickness Measurements wi 


‘re made with both the Medical 
Nutrition Laboratory (MNL) 


and the Minnesota calipers 1953 model. 
The former has circular jaw faces measuring 25 mm? and the latter ч 
rectangular jaw faces measuring 40 mm?, Both calipers were calibratec 
so that the Spring tension g 
millimeter of jaw surface. 

АП skinfold measureme 
The skinfolds were 


s pe uare 
ive a pressure of 10 grams per sq 


nts were made on the right side of the pos 
grasped between the thumb and index finger. ш A 
span of the grasp was dependent on the thickness of the skinfold. x: 
size of the skinfold held was great enough to include two thicknesses © 
skin and subcutaneous fat but not muscle or fascia. To insure against 
including such structures, when the measurer was in doubt he instructed 
the subject to perform an act which resulted in the contraction of iin 
muscle underlying the skinfold held in the grasp. The calipers "T 
applied about 1 em from the fingers holding the skinfold and at a - : 
approximately equal to the thickness of the fold. All folds were tm 
in the vertical plane, except when the lines of Langer resulted in torsio 


SWINE У d 
KINFOLDS AND BODY DENSITY IN 58 SOLDIERS 16 


of the skint 
Б old. Then the ski 
е e skinfold was taken along tl ines 
surements were made of the following sites: possum TUR 
а. Chest: É 
1) аә › leve TE 
D siege level of the xyphoid in the mid-axillary line (MAL), 
1 point between the anterior crease of the axilla and the 
nipple, l 
just adjacent to the nipple along the line in 
include any glandular tissue. 


b. Abdomen: 


1) waist level 
a) at the mid-axillary line, 
b) on the extension of the mid-clavi 


2). but not to 


cular line: 


2) umbilicus level 
a) at the mid-axillary line, 
b) at the mid-clavicular line, 
е) adjacent to the umbilicus. 
point between tip of the 


ined with the elbow in 90° 
e extremity 


Ref aa qr at the midposterior mid 
exion. T 1e tip of the olecranon, determ 
hangi Жы е skinfold measurement was taken with th 

Sing straight in an extended position. 


ipula with the subject in a relaxed 


required the fold 
he horizontal and 


figo, аи? г taken at the tip of the se 
to be tak pasikon, Iere the lines of 1 
vertical en in the diagonal plane at abou 

cal planes medially upward and late 


anger usually 
{ 45° from t 
rally downward. 


Bod А 
*y Density Determination. 
by the use of the Archi- 


re made 
the forenoon were fasted 


ring 
weighed durit 


IY 
Eus rend MM we 
from 9 : me os Babjects measured " vs or hee 
Wero fasted pes night before, and ише ^ Jr 
rom 6:30 a.m. the day of the examination. Each day 
hee adi weighed in the morning and 4 in the afternoon period. 
subjects were weighed twice during the period with at least one 


апа ә dar 
one-half hours between duplicate weighings. 
isisted of a canvas waterproof tank supported by 


asuring 4X 4 X 6 feet. Suspended 
seat set at the bottom of a frame 
hung from а Detecto scale which 


r 
оа 
in this ч p pipe frame me 
Measuriy DA was an aluminum, legless 

ng 24 X 24 x 43 feet. The seat 


ae 


a 
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had a capacity of 20 kilograms, with 20 gram scale divisions. hea = 
was suspended from a 1 ton capacity electric hoist. The hoi: 
attached to a steel I-beam 13 feet above the floor level. 

Attached to the frame of the seat was a respiratory “Т valve E 
controlling the source of inspired gas. One opening of the tires x 
connected to a rubber mouthpiece, the second to a “snorkel | tube ye 
the third to a source of approximately 99.7% oxygen and 0.3 inert E 
(known exactly for each tank). The valve was arranged so Ligon 
mouth would be connected to only one of the gas sources at any time. 
A respiratory flutter valve was attached to the opening for oe и 
supply. This allowed oxygen to enter from the delivery side of 1 
valve during inspiration and restricted the backflow during тато 
causing a forward flow of the expired air toa collecting Tissot. spirometer. 

Each subject immediately before being tested emptied his urinary 
bladder. He was then weighed to the nearest 10 grams in air on à 
Plima beam balance and was placed in the aluminum seat. The mouth- 
piece was put in his mouth and the airway connected to room air by 
means of the “snorkel” tube, The oxygen delivery and collecting system 
was flushed repeatedly with tank gas to insure that this gas was through- 
out the system. The nostrils were occluded completely with a nose clip- 
The water in the tank was kept between 39—36° C. The subjects were 
instructed to take in an average breath, the seat was lowered, and when 
the descent stopped they exhaled in a steady continuous forcible fashion 
to express all the air possible from their lungs. At the end of exhalation 
the tongue was inserted into the mouthpiece in order completely я 
occlude the opening. At this time the scale was released and the nndár- 
water weight was taken to the closest 20 grams. These weighings were 
repeated several times to get the maximal underwater weight and the 


minimal residual lung volume. With the subject adequately conditioned 


the final weight was taken as the Weight for the calculation of the body 
density. At this time 


› With the mouthpiece stil] occluded, the respiratory 
valve was turned to the oxygen delivery line and the subject was then 
brought out of the water and allowed to breathe quietly for 7 minutes. 
All exhaled air was colleeted during this time and at the end of the 
collection period the valve was closed to the line and 3—5 liters of oxygen 
flushed through. The volume and temperature of the expired gas was 
taken after the gas had heen mixed for 3 minutes. The gas was then 
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The nitrog 
utes si content of the expired gas was analyzed in the Van 
Eten using the method of Van Slyke and Sendroy (732) 
"sic й 7 | 
ie par ual lung volume was calculated by the method of Cournand 
The body lies 
T" ody density was computed by the method of Keys and Brožek 
Воі b sn Ч 
E skinfold thickness measurements and the body density 
ا‎ were done in duplicate several hours apart. 
ive body weight was calculated from the values of the Medico- 


Ао шат 
trial tables as given by Davenport (723). 
TABLE 2 


First o 
* rder eorrolnii TT 
er correlation coefficients between body density and skinfold thicknesses 


at various sites measured with two types of calipers 


CALIPER USED FOR MEASUREMENT 


SITE MINN. 
E REGION MNL (1953 model) 
A. Chest 
з 1. mid-axillary line (MAL) 
at xyphoid —.8281 —.8173 
b 2. midpoint between anterior 
crease of axilla and nipple —.7889 — 7992 
© 3. juxta nipple —.8251 —.8101 
B. Abdomen 
1. waist level 
d a. mid-axillary line —.7383 —.6877 
е b. mid-clavieular line —.7308 —1077 
2. umbilicus level 
EF a. mid-axillary line —.7129 — 6983 
E b. mid-clavicular line —.1203 — i090 
h e. adjacent to umbilicus —.1703 —.7593 
i C. Arm —1113 —.7518 
j D. Back —. 1391 —.7046 
RESULTS 
measurements was estimated from the 
where 


ы precision of the density 
leate determinations by the me 
D. is the standard devia 


thod of Youden (751) 


tion of a single deter- 


S.D T3 
= NF, where S. 


=» 


2n 


EL 
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plicate determinations and n is 
This gave a value of 0.0024 
Keys and Brožek (53). 
‘nts the first order correlation coefficients between body 
Wiens unas Я ess at various sites measured with the two 
bci odis det im all but one instance (site b) the eorrelation 
s higher for the measurements made with the MNL caliper 


than for those made with the Minnesota caliper. АП further correlation 
e values for the MNL calipers. Those 
lation coellieients for each area of 
egression analyses (sites а, 


minati is i 
die tion, d is the difference between du 
i pip of pairs of determinations. 
н h is comparable to the values reported by 
Table 2 pres i 
density ; P 
sity and skinfold thickn 


j analyses w * 
e" lyses were performed only on th 
sites whic i WW. 
ier which showed the highest corre 
$ dde xess wend Ó А 
dy were used for subsequent multiple r 


е : 
> h, i and j). 


À TABLE 4 
Frequency distribution of body density values 
(N = 88) 


CUMULATIVE 


% 


1.030-1.039 З 3.4091 
3.4091 


1.040-1.049 
1.050-1.059 12 13.6364 
31.8182 


92.0454 
18.4090 


1.060-1.009 28 
1.070-1.079 28 31.8182 
13 T 


1.080—1.089 


skinfold thicknesses and relative 
d in table 3 together with the 


v density. 
Table 4 gives the 


nte 
ihese values. 
ty values. 


r 
э Шын of bod à 
а а" һу percentiles B prese 
freque and standard deviations for : 
ney distribution of the body dens! 
Pen 5 presents the prediction equations for 
the y from individual skinfolds and relative 0 А 
(Е. Е.) and ard errors © 


th stand: 
lese gi n os ч ine 
se same criteria of Jeanness-fatness are given. 

performed һу the method of 


elations between the 


estimation of body 
In table 6 


weight. 
estimate for 


forecasting efficiency 


Multiple regression analysis WaS 
249). Тһе intercorr 


heat 
оой Ше (cited by Johnson, 
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various indices of leanness-fatness appear in table 7. Using these 6 
variables the following multiple regression equation was obtained : 
Y = 1.080120 — .012031.Y, — .0057 75.Y; + 0000041, — .007113.X, 

+ 001549. Y, + .007416.V, (1) 


TABLE 5 


Equations for prediction of body density (¥ =a + bX) on the basis of 
single factor criteria. (Skinfold values are in cm) 


VARIATE 

Skinfolds: 
Chest, MAL xyphoid 1.0849-.0164 Y, 
Chest, juxta nipple 1.0849—.0120 X, 
Abdomen, umbilicus level 1.0851-.0105 X, 
Arm 1.0923-.0202 Y, 
Back 1.0890—.0179.X; 

Relative body weight 1.1251—.0569 X, 


TABLE 6 


Coefficients of correlation (т) between body density and other criteria of 
fatness-leanness, indices of forecasting efficiency (F. E.), and standard 
errors of estimate of the body density (S. E. E.) 


VARIATE T F. E. S. E. E. 
Skinfolds: 

Chest, MAL xyphoid —.8281 43.9 0067 

Chest, juxta nipple —.8251 43.5 0068 

Abdomen, umbilicus level —.7703 36.2 0077 

Arm —.1713 36.4 0076 

Back —.7397 32.7 0081 
Relative body weight —.0342 22.7 0093 


F.E. = 100 (1 — /1— 52) 
В. E. E. = §D,VI — rà 


The coefficient of multiple correlation between density and the 6 pre 
diction variables was R 0.8609. The standard error of estimate W33 
0.00636 and index of prediction efficiency was 49.1%. Those yariables 
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th i а ИГ: 
т not contribute significantly to the accuracy of predictions were 
eted, giving the following equation : 
f = 1.088468 — .007123.Y, — 0048341 2 — 005513 X4 


for whic М — Е 
which X= 0.8495, standard error of estimate == 0.00648 and 


PT 
TABLE 7 


Intercorrelations between indices of fatness (N = 88) 


Where Y = Body Density 
X, = Chest, MAL xyphoid 
= Chest, juxta nipple 
= Abdomen, umbilicus level 


Arm 
Х; = Back 
X, = Relative body weight 


ll 


x, 


5 Xo Xs X. 
ody Density (F) 
—.034140 —.739663 —.771324 —.770310 —.825134 — 828078 


Skinfolds 
ne .806303 923470 ‚898742 902424 927314 
T 4100231 890953 829112 895559 
т. 800094 831442 -778346 
x. 730315 .821973 
А 35712 


ski Figure 1 is a scatter-diagram of the individual values for chest 
infold thickness (mid-axillary line at the level of the xyphoid) and 
ody density. 


pISCUSSION 
the determination 


roved methods for 
to more efficient 


of | t was hoped that the use of imp i 
à ody density and skinfold thicknesses would lea 
m edietion equations. This did not occur. Comparing our results vith 

Nose of Brožek and Keys (51) the following criteria of prediction effi- 


ei DES i к 
eney are obtained (using the 3 variable equation 10 each instance) : 


S. E. E. F. E. 
0.00648 47.3% 
0.00722 50.9% 


presented by these 


0.8496 
0.8709 


Its " 
t should be noted, however, that the skinfold sites re 


MNL 
Brožek and Keys 
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two analyses are not the same. Chest and arm skinfolds were used in 
both, but in the study of Brozek and Keys the third site was the abdomen 
whereas in the present study the relative efficiency of the various sites 
dictated the use of the fold at the level of the xyphoid in the mid-axillary 
line as the third site. 


Y 
BODY 

DENSITY 

1.090 


1,080 г" 0.829 


$ = 1.0822 — 0.01565 X 
1.070 


1.060 
1.050 
1.040 


1.030 
опи 


А 
CHEST SKINFOLD THICKNESS (em) X 
° 
40 E M20 — 160 — 200 240 гю 320 360 


Fro. 1. Кы, d 


^TION BETWEEN Bopy DENSITY AND THICKNESS OF CHE 
SKINFOLD IN 88 Yo NG MEN. 
» ee the mean values of the present study for the indicated 
skin eknesses of . Ы і 
es 2 p Pep of the equation of Brožek and Keys (their equation 
No.3) w ai tim z ; ing 
се п € obtain an estimated mean specific gravity of 1.0764, Assuming 
mn 1e measurements were made in water at 35 to 36°C (d= 0.991), 
his TS z £ 
| i ی‎ correspond to a density of 1.0699 whereas the observed mea” 
density was 37 This Y in- 
vensity was 1.0678. This confirms our impression that with the Skin 
fold thickness values obtained from the e 
the Minnesota 1953 design) | 
3rozek-Keys equation gives f 


i н А ing 
alipers in current use (natus 
H H p 1h i И 
> the estimation of specific gravity by : * 
or young soldiers values that are too hig? 


* Editor's Note: The equation was derive, 
of about 35 gm/mm* (Minn. model 1948) 
increased the difference. 


sure 
а pressu r 


d for skinfold calipers with nave 


A correction for pressure would I 


SKINFOLDS AND BODY DENSITY IN 88 SOLDIERS 118 
On ا‎ ара , 

фый ы к af this study was to determine which sites for 
“бн ана? оп the chest and abdomen have the 
dumm dus alla eae body density. Brožek et al. (54) have 
site of CREE is a considerable gradient of skinfold thickness as the 
definition i d moves {тош the nipple or the umbilicus. Exact 
it terms of te - ч of measurement therefore assumes importance both 
efficiency, a ucibility of measurements and in terms of prediction 
prediction bmi the first order correlation coefficients as indices of 
site "suse is гы ы. will be seen from table 2 that on the chest the 
tthe хайа ой : adjacent to the nipple (site c) is superior to the site 
b). In a iti between the nipple and the anterior axillary fold (site 
xyphoid has the site in the mid-axillary line at the level of the 
study and ais " highest r value of any of the sites measured in this 
Жуль ne "y it is relatively far removed from the juxta-nipple site, 
the dina a as one of the sites used in the regression analyses. On 

1 the site adjacent to the umbilicus proved to have the highest 


я 
value (site h, table 2). 


SUMMARY AND CONCLUSIONS 
22.1 years), skinfold mea- 


ede: Шу young soldiers (mean age i 
Жш were made at a variety of sites; body density was measured 
Measure water weighing. Using only those sites of skinfold thickness 
6 D та which contributed significantly to the prediction efficiency, 
wing multiple regression equation was derived: 
- Ê — 1.088468 — 007123, — 004834X.— 005513. 
Piin 7 is estimated body density, Xs and X, are skinfold thick- 
lis se a centimeters taken respectively chest in the mid-axillary 
and on e level of the xyphoid, at the chest in the juxta-nipple position, 
acrom;i the dorsum of the arm at the midpoint between the tip of the 
cient, 4 and Ње tip of the olecranon. The multiple regression соейй- 
Was 0.90 for this equation was 0.85 and the standard error of estimate 
0065 body density units. 


Xs 
at the 
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THE CANADIAN WEIGHT-HEIGHT SURVEY 


а к L. B. PETT AND С. F. OGILVIE 
ivision, Department of National Health and Welfare 
Ottawa, Canada 
ГГ ett of living and way of life af estes is similar in 
Йо: кя ct to that of citizens of the United States. Both popu- 
groups are endowed with an abundance of foodstuffs and are 
Before launching or 


therefor, 

erefore exposed to the hazards of overnutrition. 

ist overweight in Canada, a critical study 
and the criteria used to diagnose 
as “standards” but none had 
Confusion existed over 
objective data 


endorsi 
Was rsing a campaign agair 
as mi р 
obesit ade of the standards for weight 
Y. Many sets of tables were in use 


the vali 
alid mathematical basis that was desired. 


the 3 
definiti q Lau e bant. 
nition of “overweight” and “obesity 7 and no 


Wer P 
i available on different body types. 
Although no one seriously questions the evidence 
among overweight people; 
or fat metabolism. 
arious fat fractions in the blood 
who have lost weight and 
severe hyper- 


tive dise; that many degenera- 
whether ame 20010 prevalent at is not clear 
of total = villain is body weight itself The questions 
Were ей content of the diet and of v 
then кы tinized. The possibility that people 
tension mm some or all of it back may develop more 
Propag nan if they had never reduced was a further deterrent to hasty 
HAN gmnda The high percentage of Те ht control pro- 
н and the mental health aspects must a 
л... an opportune moment in Сапай 
FAO /W| study of the population, as recommended in the Second 
HO Nutrition report of 1952. The results of the 1951 census 


ad j "n p . . 
just become available and the Dominion Bureau of Statistics agreed 
ased on methods used for many years in 


to 

provi $ 

ы А a sampling plan bi 

pling the Labour Force. The object was to obtain а representative 


lapses in weig 
lso be considered. 
a to undertake an anthro- 


1948, Drastie food restriction: 


1 
Cf. J. Brozek, C. B. Chapman and A. Keys; 
J. Am. Med. Assoc. 187: 1569-1574. 


Eff 
ect к 
on cardiovascular dynamics. 
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sample of the entire population on which height and weight measurement 
could be made. From these data, tables of average weight for height, 
age and sex could be constructed, which would indicate the situation as 
it actually existed and provide a base line from which further and more 
complete studies could be started. 


METHOD AND EQUIPMENT 


The sample was selected by an area stratification plan, proportionate 
to population density. The entire country was divided into primary 
sampling units, each of which had a dominant characteristic such as а 
particular industry, type of farming, soil type, climate, national extrac- 
tion or others. All sampling units with similar basic characteristics were 
grouped together into a stratum and one or more units were selected 
by random procedure to represent all the units in the stratum. ‘These 
units were not necessarily of equal size nor were they contiguous, but 
the randomization gave each Canadian an equal chance of being included 
in the sample. 

This process yielded 59 units in which to make measurements, 13 of 
which were metropolitan. The non-metropolitan units were subdivided 
into urban, rural non-farm and rural farm areas for further random 
selection according to the number of persons to be measured. In the 
metropolitan areas a selection of city blocks was used. In each area 
approximately 0.196 of the population of the stratum was examined 
because this figure gave about 400 individuals in each sex and age group 
of the final table planned. It must be emphasized that the plan was 
drawn up according to resources available, e.g., by grouping certain 
ages, in a manner that would not affect the random nature of the 
sampling. Large scale maps of each area were obtained and the specified 
number of households were selected from lists of census visitation records. 
Thus the sample was located geographically and, to a considerable extent, 
pinpointed on maps. 

Since it was not possible to 
be visited, it was decided that a 
from combining three different 


pre-determine the age of each person to 
suitable dispersion of ages would result 
sources : 

1. Schools where all children between 5 and 16 years could be located 
and visited according to the necessary ratio. 

2. Business establishments employing 15 or more persons, an arbi- 
trary category used because records of such establishments are available 
in lists from which random selection could be made. 
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5 Hous holds e е е: 
3 se s where housewives i р 

н 5, pre-school children, older persons 
nd others not covered above could be reached. : : i 


Exe > "ar 
dum гема 4 И — т. bed through illness, pregnant women, 
Indians on aaa tafe a Gesn d foret wo 
MINE hee ante m certain e asses of cripples and invalids. Allow- 
iow aine ч non-interviews and these amounted to about 207% 
ele — n s few areas, special efforts to sample this 2076 
Phe tate а «ене no difference in averages from the main sample. 
ЖЕ sonl ere pum and measuring the persons selected in this 
bul ош. po e was undertaken only atter careful preparations 
N woes . ne selection of suitable equipment, the training of 
kers and a standardized recording and reporting procedure were 


и фаал considerations. 
swe чаше of the survey demanded 
problem and engen enough to withstand 
consider eg to be the selection of scales. 
dial E ашы those finally selected were a spring ty 
any наа needle that could be read to the nearest 4 pound from 
seles EUM This feature minimized the error due to parallax. The 
$ were checked at frequent intervals for accuracy, using standard 


Weights Т r ! 
eights. The measuring rod was of the collapsible telescopic type with 
nents were made to the nearest 


a horiz 
4 о cross-bar. Height measurem + 1 
out dr M ith the subject standing in а normal upright position, but with- 
The үс. up to his greatest height by pressing against a solid wall. 
of Ph ay fold calipers were designed and manufactured in the Laboratory 
n pg Hygiene at the University of Minnesota. These calipers 
over per a constant tension device (10 grams per sq mm) and measured 
BE E area of skin (40 sq mm). Readings were made to the 
in tj st millimeter. Difficulties in obtaining the necessary instruments 
ime prevented the use of the metric system in recording weights and 


heights, 
iix was felt that a small number of thoroughly trained field workers 
fn be preferable to a large number of part time workers. For this 
ason, the nutritionists and nurses on the regular staff of this Nutrition 
ко were assigned to the job of collecting the data. They were all 
one in interview technique and could readily adapt themselves 

his new work. 

sink formulate a standardi 
udy was undertaken in an Otta 


that the equipment be readily 
severe handling. The biggest 
Many types of scales were 
pe with a circular 


e for obtaining the data, а 


zed procedur 
burb. The many difficulties 


wa su 
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that arose were discussed and ironed out and it was at m т 
we decided to limit the number of measurements taken to w A om. 
feasible with a minimum of refusals. For example, the site of | | < 
fold measurement was confined to the back of the upper Hm т 
dispensed with sitting height and other possible ga ШШШ есм 
they were too difficult to obtain under the conditions of the Е : i 
The precise sampling method demanded that the highest passito Lm 
be obtained, and to achieve this, the cooperation of the publie was es A 
tial. This fact was impressed on each field worker and they manage 
to keep the non-interview rate at a low figure. у 59 

The examiners worked alone or in pairs and travelled to al E 
sampling areas aeross the country. "They usually obtained the m edic 
local person from a health unit or district census office to act as à gem 
and guide. The cooperation of the local Medical Officer of Health ia à 
obtained and an advance letter explaining the purpose of the БИСТЕ 
and signed hy the Medical Officer was sent to each participating house- 
hold. This association with a familiar name and local letterhead had 3 
reassuring effect on most householders and greatly simplified the wor 
of the field worker in introducing herself. 

Participants were weighed and measured and the skinfold auem e 
ment obtained while in usual indoor clothing but with shoes ane 
The examiner then inquired the relationship to the head of the househo E 
and the month and year of birth. Our earlier investigation had vevesle: 
that people were more willing to state their year of birth than their age- 
The age in years was later caleulated and recorded on the work sheets 
by the clerical staff, thus avoiding mental arithmetic on the spot. 

The data sheets were returned daily to the central office for tabu- 
lating. As it was impossible to predetermine the ages of all person? 
falling in the sample, the cumulative tot 
posted daily to detect any abnormalitie d 
This method of control revealed that the sample provided a fairly g0° : 
distribution of ages, with the exception of pre-school children, who far 
some unexplained reason, failed to appear in the expected numbers 1? 


the households visited. This group was subsequently dropped from the 
final table. 


i rere 
als for each age group We 
Ё ; д ? s. 
s in the dispersion of age group 


The field work began in March. 1953, and continued until October 


2 : л rere 
of that year. During that time, more than 22,000 Canadians : 
] ` ВИ k alitie 
weighed and measured. "The field workers visited many remote locali 


. > ml 
and used every conceivable means of transport to trace the randor y 


Weigh 
ght for each i : 
i or each ineh of height, age and sex 
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They succeeded in weighing and mea- 
This yield was considered by 
survey, consultations 


eet persons on their lists 
mb Ame of the original sample. 
were held негой һе adequate. Throughout the 
Жу йшй e experts at the Dominion Bureau of Statistics. 

g bias in every possible way from the sample design, and 
al errors through special training and 
quality of the data. In this 
than sheer weight of 


by n А 
y reduc 
frequ ucing personal and mechanic 
1e ins 2 
Shere nt inspection, stress was laid on the 
i y, quality w y 
: y жаз considere ге i = 
tümbers, sidered more important 


RESULTS 


the entire bulk of the raw data 


au of Statistics for processing. 
11 details could be trans- 
o group the measure- 


és M of the field work, 
A special pu zx to the Dominion Bureau 
cribed dn d | card was designed, on which a 
ments into ir ii e sheets. The first step was to ©) 
Moving the 1 caia one inch and one pound. This was achieved by 
alternately i 2 1 figures down, the 3 inch figures UP and the 4 inch 

y up and down as the cards The 4 pound figures 


Were 

3 mov a 2 i > 
ed alternately up and down. A weighting factor was assigned 

This factor was calculated from the 


ation in the sampling area. 
are on individuals dressed in 
If weights are to be expressed 
be made on the figures 
aried between ? and 3 
tile in their attire. 
surement (i. 6. 
ariation to а 


were sorted. 


to e; 
dia nian measurements. 
The cries to the total popul 
Indoor dlothing | and weights reported 
as nude наче. jut with shoes removed. 
in the table. Из, а downward adjustment must 
Pounds, dens e weight of men's clothing V 
he mes mi on the amount and type of tex 
Shirt, trou my of men's dress during the period of mea 
imit of көзү: апа underclothing) reduced the weight v | 
ле pound. With women, ariation ш mode of dress 


Was 

5 observ А | 

of served. In fact, it would be hazardous to speculate on the weight 
obese women. However, an 


ees PM concealed on the more "pel 
Clothin J ustment of 2 to 3 pounds could be made for women $ indoor 
ltog g. In children, the variation was greatest of all and varied from 

tee a depending on the size of the child. - | 
on brane punch cards were run through a series 0 sortings 
Tesulted NS. tabulating and calculating machines. These calealations 
in a series of tables showing the weighted mean height, weight 


and skint 
* skinfold for each age group and sex (table 1) and the average 
(table 2) and percentile dis- 


a wide v 


Tibut; 
utions (tables 3 to 5). 
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TABLE 1 


Canadian average height, weight (in ordinary indoor clothing, without shoes), 
and skinfold by age and scr (1953 data) 


AVERAGE 


AGE GROUP AVERAGE HEIGHT AVERAGE WEIGHT SKINFOLD 
YEARS SEX (in) (em) (Ib) (kg) (mm) 
2 M 34.7 88.1 30 13.6 9.4 
F 33.6 85.3 28 12.7 9.5 
3 M 36.6 93.0 32 14.5 9.0 
Е 36.0 31 14.1 9.0 
4 M 39.2 37 16.8 8.3 
F 39.2 36 16.3 9.3 
5 M 41.9 40 18.1 7.5 
F 41.8 41 18.6 8.8 
6 M 44.6 46 20.9 7.4 
F 44.2 44 20.0 8.8 
т м 47.0 50 22.7 6.9 
F 46.5 49 22.2 8.5 
8 M 49.1 57 6.8 
F 48.9 57 25. 8.9 
9 M 51.3 63 { 7.1 
F 51.0 62 28.1 9.4 
10 M 53.5 70 31.8 тА 
Е 53.3 69 31.8 9.5 
11 M 55.4 T 34.9 7.9 
F 55.3 11 34.9 10.0 
12 M 57.4 84 38.1 8.0 
Е 58.2 92 41.7 10.5 
13 M 59.3 94 42.6 8.3 
F 60.4 102 46.3 11.2 
14 M 62.2 108 49.0 7.5 
. F 61.3 107 48.5 11.3 
15 M 64.7 119 54.0 6.5 
» F 62.2 112 50.8 11.3 
-17 м 66.7 136 01.7 94 
x F 62.5 120 54.4 13.3 
-19 M 68.0 172.7 144 65.3 6.0 
0 52.6 159.0 2 13.0 
20-24 M 67.9 172.5 M 09.0 6.3 
о 62.8 159.5 124 56.2 12.4 
25-29 E. E 173.5 100 72.6 7.0 
Т 159.3 126 57.2 13.0 
30-34 M 68.0 172.7 167 107 Br 
Pin F 62.8 159.5 130 59.0 14.3 
M 67.5 171.4 167 75.7 TT 
Я F 62.4 158.5 135 61.2 15.5 
45-54 M 66.9 169.9 164 144 7.5 
_ Е 61.8 157.0 144 65.3 17.7 
55-64 а Ly: 107.6 161 73.0 6.9 
8 155. : 
65 and over M 65.4 1064 ed ni p 
Е 60.6 153.9 138 62.6 15.5 
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TABLE 2 


Canadi ja" " 

ian average weights for height and аде (in ordinary indoor clothing, 

М without shoes) ý 

For young adults : 

tiu seio g ш ults, the average (mean) weight at a given height is robabl 
eight desirable for health. After the age of 30 years DE icd should 


maintair Hw wei 
may — weight below the figure in the table. Variation in body types 
or differences up to 10% above or below the weight at a given 


height. 
MEN 
ETIN о. AGE IN YEARS 65 AND 
25 15 10-17 18-19 20-24 25-29 30-34 35-44 45-04 55-64 OVER 
4 p" 83 
10 88 
А 11 02 оо 110 121 198 134 185 7 138 120 
0 97 103 119 124 132 138 139 132 141 130 
5 102 108 122 127 135 141 142 136 144 135 
- 100 113 125 131 139 145 146 141 148 140 
150 146 151 144 


111 118 128 134 142 148 


3 
4 116 122 131 138 146 152 153 150 154 149 
5 121] 127 134 142 149 156 15; 155 157 154 
6 125 132 138 145 153 159 161 160 160 158 
1 130 130 141 149 150 163 104 105 103 163 
8 135 ` 141 144 162 160 100 168 109 100 107 
9 139 146 147 150 103 170 179 174 10 172 
10 144 151 150 159 107 173 1з i9 172 117 
11 148 155 168 163 110 11 179 183 176 181 
со 153 100 150 100 114 181 183 188 179 188 
1 158 165 160 170 177 184 180 103 182 191 
2 103 169 163 173 181 188 190 197 185 195 
194 202 188 200 


e 
~ 
© 
a 


174 100 177 184 191 
AGEIN YEARS 65 AND 
4 45-54 65-04 OVER 


конт IN 
EET-INGHeS 15 10-17 18-19 20-24 25-29 30-34 35-4 
115 120 130 134 120 


4 8" ов 105 100 100 110 -E 
9 99 107 103 108 112 n; 197 132 1 4 

i0 101 mno 10 11 M lij 18 134 139 1% 
n m ne no 159 Ш ] 130 037 11 1% 
131 139 14 136 


o тт ns m 16 M 124 
L fo n; us 118 12 16 133 142 146 140 
2 па ‘Yo 1 E. 199 134 14 148 144 
3 115 198 195 123 197 13] 135 146 191 148 
4 15 122 195 195 199 133 137 149 153 152 
5 157 


o 


11 25 29 4 3 
17 132 128 132 130 138 151 155 
131 134 138 140 193 158 161 
126 132 140 133 137 140 141 156 100 105 
128 135 143 136 139 143 143 158 162 169 
131 137 147 138 141 145 144 160 105 173 
0 1 14d 144 147 145 163 1607 177 

150 147 165 169 181 


1 134 140 15 
1 130 142 154 143 146 


120 127 
193 130 136 


mow оче 
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TABLE 3 


Canadian height and weight survey 
Percentiles of height (in centimeters) by age and sex 


AGE GROUP 


Pas РЬ 


86.6 
91.7 
99.6 
100.9 
113.3 
118.9 
118.4 
124.5 


11 м 135.4 
F 134.6 

12 M 140.2 
Е 142.0 

13 M 144.5 150.1 
Е 149.1 153.7 

14 M 151.1 158.0 
Е 149.0 155.7 

15 М 158.0 
F 153.4 

16-17 M 107.9 
F 154.4 


179.6 
163.1 


178.1 
163.3 
171.7 177.3 


35-44 M 
45-54 M 
55-64 M 


65 and over M 
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TABLE 4 


Canadian height and weight survey 
Percentiles of weight (in kilograms) by age and sex 


AGE GROUP 


OE س‎ шш 
Y — P 9 — 


YEARS SEX 
2 мМ+Е 
3 M+F 
M+F 
5 M+F 
6 M+F 
7 M 
Е 
8 M 
т 
9 M 
F 
10 M 
F 
11 M 
т 
12 M 
F 
13 M 
F 
14 M 
F 
15 M 
F 
16-17 M 
F 
18-19 M 
F 
20-24 M 
F 
25-29 M 
F 
30-34 M 
F е 1 4 
35-44 M E 59.9 66.3 
s F 65. 73.0 Bet 
5-54 а 56. 64.3 ( 
j " 72.1 79.4 
55—64 M £5 65.8 75.2 
" . - 6l. 7.0 — 182 
65 and over M Е, 5 69.3 
F 54. 61 
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TABLE 5 


Canadian height and weight survey 
Percentiles of skinfold (in millimeters) by age and sex 


AGE GROUP 


YEARS SEX Py Pe Po Pa 
2 M+F 7.8 9.4 10.7 

3 MAE 7.6 9.1 11.0 

4 M+F 7.2 8.5 10.2 

5 MEE 6.3 TA 9.6 

6 M+F 6.1 7.6 9.4 

7 M 4.2 5.1 6.4 8.1 

F 5.5 6.6 8.0 9.7 

8 M 42 5.1 64 8.1 

F 5.5 6.0 8.5 10.5 

9 M 43 5.1 64 8.1 

Е 5.6 6.0 8.5 11.0 

10 M 4.4 5.2 6.7 8.4 
Е 5.3 6.8 8.6 11.0 

11 M 42 5.4 7.0 9.2 
F 5.4 7.0 9.1 12.0 

12 M 4.2 5.2 6.9 9.7 
F 5.7 тл 8.9 12.4 

13 M 41 5.3 6.7 9.5 
F 5.9 7.5 10.0 13.8 

14 м 3.7 4.6 6.2 8.4 
F 5.8 7.8 10.7 13.4 

15 M 3.4 4.4 5.4 7.8 
Е 6.2 7.9 10.2 14.3 

16-17 M 3.2 4.0 5.2 7.8 
Е 7.0 9.5 13.1 16.4 

18-19 M 3.1 4.0 5.3 6.9 
F 6.8 9.6 13.1 17.3 

20-24 M 3.2 4.0 5.3 T.5 
F 5.9 8.0 11.2 15.3 

25-29 M 3.3 4.4 5.8 8.8 
F 6.1 8.3 11.7 16.3 

30-34 M 34 47 m5 10.1 
Е 6.6 8.4 12.7 18.1 

35-44 M 3.4 4.8 7.0 9.8 
Е TA 10.2 14.4 20.2 

45-54 M 3.1 42 6.6 9.9 
F 9.1 11.8 17.5 22.4 

55-64 M 2.9 4.0 5.6 8.2 
F 9.9 12.9 17.0 21.7 

65 and over M 2.6 3.3 4.4 6.5 
F 6.5 10.1 14.3 20.2 
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То extend the height-weight figures to the extremes of height where 


real da fud s EE P 
ata were lacking or limited, it became necessary to establish curves 
age group, using the methods of least 


No attempt was made in table 2 
at any given height in the various 
cally, there is naturally a weight 
tally there are variations 
ysiological basis— 


= height and weight in each 
ES се тее moving averages. 
eh A: " icu аши in weight 
оа. ips^ Reading the table verti 

ement with inereasing height, but horizon 


Up and down with increasing age which may have a ph 
weights for men over 65 years of 
verweight, 
further 


с не ар {ће decrease in average weight 

especially "e ji ae of increased mortality in those who are 0 

investigation shorter heights. | These are problems which require 
Wh. lon, and which we intend to pursue. 

or oa ^ ae interpretation of these figures? 

Provide i e”? The first answer is that the new 

i standard or reference point that is much e 


Are they “ideal” 
Canadian averages 
tion ; е Jearer in its deriva- 

Tgp significance for the population than any previous figures. 
Bins figure for weight can ever be used as an absolute standard. 
"his den is permitted. Опе widely used insurance table lists 
efini : T three types of body “frame” at each height, but without 
advie Ы frame”; it then lists two figures under each type without 
Pres zs when to use the lower, and when the higher figure. pu 
Б од has been useful to allow some latitude in each category, ds 
on it properly would require definitions and dogm. ӨШ 
"ai has been used in referring to tables giving а single ү : р 
igur "ea “ideal”; it is customary to allow 5, 10 or even 20% of the 
ни given, above or below, according to the purpose 1n mind. — 

avers - adjustments can be applied to the new table of резаи 
E Weights, with the added advantage that the starting point Ps a 
igur relationship to the population, and is therefore much beiter d ш 
тж derived in unknown ways or from limited groups. Thus i tio 
velo alist considers that diabetic patients should maintain 
Wei Ww the average, it is just as easy for him to refer to the Canadian 
ight standard as to use any other yardstick. He has the additional 
ра that more than half the people in the particular v 
cr Stroup weigh more than the weight he has selected (10% elow 
‘gure in this table). Conversely; if a person asks a physician 
e preferable. This 


ed values would bi 
thout affecting the 


* Editor 
Would Чок Note: For actual use smooth К 
eliminate “ accidental,” unsystematic UPS and downs, Wi 


age trends, 


188 L. B. PETT AND G. Е. OGILVIE 


whether she must gain weight up to the figure in the table of averages, 
he has an excellent opportunity to explain that an average is a kind of 
mid-point, with many people normally below and above. 

Is a person overweight if he or she is above average? They may һе. 
There is increasing evidence that “overweight” by itself. as judged 
in older tables by the use of 10 or 20% limits, is not as significant in 
the big killers like cardiovascular-renal disease as combining a considera- 
tion of weight with a measurement of subcutaneous tissue (the skinfold 
measurement). The combined measurements will provide a research 
tool for much better evaluation of patients than arbitrary percentages ої 
“average weights” taken from tables of uncertain origin or validity. 
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pe studies of the anthropometry of living adult women have 
appeared in the literature and none of these include significant 


numbers of ; s 
bers of subjeets in the upper age brackets. 
in this paper were made as a part of 


an e iue ы presented i p 
study чк investigation into the nutritional status of women. The 
ке ایا‎ in 1935 as a regional project is x — 
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p. реалй i sues e ae me EM „рй ыйл aged iY 
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refere years (Donelson et al., 40). This study provi es a poi 0 
the E bs evaluating the present series since the ia ii E^ ex 
а second парат areas and sinam ر‎ cei З me 
nutrition onum project ead organize ae E ا‎ 
effort al status of adult women living 1n ен озуп һошез. 

was made to include women more than 50 years of age. Anthro- 
Pometrie measurements made at the Michigan and Minnesota. stations 
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SUBJECTS 


The subjects measured represent a limited sample, and the women 
from the two states may not be compared directly. Women measured 
in Minnesota came from Census Tract 1 in St. Paul, which is adjacent 
to the St. Paul campus of the University of Minnesota, with the exception 
of those above 80 who lived in the larger metropolitan area in which 
St. Paul and Minneapolis are located. The heads of three fifths of the 
households were professional or semi-professional workers; about one 
sixth were retired. The plan used in selecting the sample was devised 
with the help of the Department of Agricultural Economics. All women 
were of sufficient health and vigor to be brought to the laboratory for 
an extensive series of tests as well as the anthropometric measurements. 

In Michigan, an area sample of women living within the metro- 
politan limits of Lansing and East Lansing was chosen. One hundred 
and four white women were interviewed in their homes and 40 of them 
were persuaded to come to the college laboratories for measurements and 
other physical and physiological tests. Because health and mobility 
determined, to a degree, the capacity of the women to participate, & 
large proportion of the physically infirm included in the original inter- 
views were eliminated. However, selection did not change the character 
of the sample with respect to the distribution of women within the 
various economie and sociological groups. The area included is that 
of an industrial city and a wealthy industrial suburb. 

The Michigan sample of Negro women represents an attempt to 
obtain an area sample of a limited housing district in an industrial city- 
The 102 women interviewed were of higher social status than is believed 
characteristie of the Negro community as a whole since the women of 
lesser social poise either refused to be interviewed or gave such unsatis- 
factory information that the interviews were discarded. Fifty of the 
Negro subjects came to the college to be measured. 

The third series of Michigan women represents selected subjects 
studied as a part of a project on weight reduction. 


EXPERIMENTAL METHODS 


The techniques of measurement used are those described by Hrdlička 
in 1920 except as will be noted. Measurements chosen (stature, weight, 
transverse and antero-posterior diameter of chest, bi-iliac and bi-tro- 
chanter width, girth of the upper arm at the point just below the 
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inserti R 
а ас й pé eqs aum and maximum calf girth) were thought 
temporary dug dor یی‎ ie dip s pios Hugs 0 
ia bore was neuen on a platform with a rigid vertical upright 
high and er epus, tape was attached. The upright was 72 inches 
Es dis dnd he same width as the platform thus forming a solid support 
tisse des | 3 The subject was required to stand with the feet parallel, 
Tortai . oy and shoulders touching the upright and head held com- 
ап sion A hardwood square in contact with the upright was 
dos m : : to touch the subject’s head. Preliminary testing demon- 
different E weight could be measured by different investigators and at 
db dom бш the day with minimum variation with this technique 
те sary ҖИ {һе variations obtained without the back support. 
- fh was determined with clothing weighing less than a pound 
ким on corrected for the weight of clothing. A Fairbanks balance 
нр те апа weight recorded to 0.01 kg. Measurements of width and 
ere made with a standard metal caliper* and а steel tape cali- 


b ч 
tated in tenths of a centimeter. 


RESULTS 


The measurements, with standard deviations, of Michigan and Minne- 
College subjects from the earlier 


i سا‎ women are given in table 1. bje 
к, bene Ohio and Minnesota are included as Michigan college women 
к ot studied in the earlier work. Michigan women for each age 
of D. shorter, heavier, and larger than Minnesota women 1n each 
T dy idth and girth measurements recorded. Because numbers were 
made Jens calculations of significance of these differences have been 
ene though it is of some interest that, in the college series, Ohio 
all of were significantly shorter than women from the other states, 

which were west of the Mississippi River. 


There are a number of known yariables in the sample which might 
asurements are recorded 


in 

Dei stature. All of the women whose me 
this table were born before the regular use of vitamin D during child- 

such as the bi-iliac diameter, may 

quate to minimize the 

Moderate 


? measurements, 
the calipers ade 
the investigator's purpose. 


4 тд: 

е ie Note: The “ bony 
effect жуш with or without a pressure on 
Pressur overlying soft tissues, depending оп 

"M Е used in this study- 
абийри T Sr HR France on specifications supplied by the personnel o 
nstitution. 


f the Smith- 
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hood and it is know a rels iv ine i i 
Michigan к Ps te dcin eie pene " ees у 
gan are s states. Iodine deficiency is a 
common finding in Michigan and affected about 50% of adolescent girls 
previous to the iodization of table salt in 1924. Since that time the 
use of iodized salt is known to have varied widely. | 

The adult samples do not measure comparable population segments 
from the point of view of social stratification although a brief inspection 
of data available on family income would suggest that the buying power 
of the two groups was not too different. 

Ethnie differences are more difficult to evaluate. 
women from Minnesota and 50% from Michigan were native to their 
respective states. Twenty-seven per cent of Minnesota women were of 
Scandinavian inheritance and 42% represented the third generation of 
The remaining women were 


Forty per cent of 


their families born on American soil. 
descended from Northern European stock except for 13%, for whom 
The Michigan sample also 


exact data for classification were missing. 
was derived largely from Northern European stock but inheritance was 
so mixed that further classification seemed unproductive. No one ethnic 


group dominated the Michigan sample. Р 
Women in the fifth decade appeared to be shorter in both series 


than the younger subjects and women over 70 years were, on the 
1 in the preceding decade. 


average, three to four centimeters shorter thai 
Numerous studies of college women and the compilation of heights 
and weights of working women published by Bayer and Gray (34) 
would suggest that the stature of women had inereased during the past 
100 years. The apparent loss of height with age of women between 
40 and 50 years, in this series, 
shorter stature of an earlier period. 
50 years of age may reflect both an earlier 
loss of stature with age. 

Twelve women of the Michigan series, ranging in age from 48 to 

atedly during the past 10 years. Two 
77 years old showed no change in 


subject in the seventies, and 


could be interpreted as reflecting the 
The lesser height of women over 
birth date and an actual 


77 years have been studied repe 
of the women one 56 and the other 77 
stature, data on height was lacking for one it 
the other 9 subjects appeared to have lost from 0.5 to 2.0 centimeters 
Losses of stature increased with the period of observation. 

gains of weight in individual women. 


in height. 
(750) reported a similar 


There were both losses and 


Elderton et al. (28) and Reynolds and Asakawa 
o decrease with age. 


trend for stature of women t 
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One study published in 1931 of 26 women born in Holland, Michigan, 
of Dutch stock was found in the literature (Steggerda). The women 
were characterized as “ middle aged” and were slightly taller and deeper 
chested than the present sample. The most significant difference in 
the comparable measurements was in the girth of the upper arm which 
was 4 to 5 cm smaller in the woman of Dutch ancestry. И 

The measurements of Negro women are given in table 2. The dif- 
ferences in measurements of Negro and White subjects from Michigan 
were slight and, for the most part, inconsistent. In general, the trans- 


TABLE 2 


Body measurements of adult Negro women 


AGES, YEARS 


MEASUREMENT 50-59 60-69 
No. of Subjects 23 21 
Stature, em 161.0 + 7.5 155.4 
Weight, kg 73.8 + 15.7 69.9 
Chest, Lateral, em 98.1 2.9 
Chest, Antero-Posterior, em 20.32% 1.0 
Arm Girth, Rt., em 3174 4.0 
Bi-iliac, em 29.9 + 3.1 
Bi-trochanteric, em + 3 


Calf Girth, Rt., em 35.74 37 


verse chest, bi-iliac and bi-trochanter widths and calf girth measurements 
were smaller in the Negro women. More of the Negro women reported 
employment requiring physical work than White women. "Tasks such as 
ironing, cleaning walls and floors were done regularly 
in measurement are in keeping w 
Negro women of the series were m 


and the differenees 
ith the clinical impression that the 


1 ore muscular and less fat than White 
women of the same height and weight. Wolff and Steggerda (43) 


reported similar measurements of 100 Negro women of college age living 
in the South. The older women, most of whom had migrated from 
the South as adults, were shorter, heavier and larger in each of the 
width and girth measurements than the college series. Both groups 
of subjects were of the mixed blood characteristic of the American 
Negro. The number of subjects in the 7th and 8th decade was too 
small to study changes in stature with age in the Negro women of this 


series. Michelson (743) found no difference in height of young adult 
Negro women measured in 1923 and 1941. 


ы 
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| Maximum grip of {һе right and left hands? of this series of subjects 
is reported in table 3. The grip of the Negro subjects is higher for 
both hands at each age group, which again confirms the impression of 
development than that found in the White women. 


isurements were made on this series of women to 
ting nutritional status. 


better muscular 


Anthropometric me: 
fulness of the total data in interpre 
are merely descriptive of a population. A few 
low values of hemoglobin and vitamin C were found in studies of the 
blood chemistry (Chaloupka, Leverton and Diedricksen, "51, Roderuck 
et al.. 55, and Swanson, Leverton, Gram, Roberts and Pesik, '52) but 
ıs did not reveal symptoms related to deficiency of 


1 eaten was such that nutrient intakes correlated 
lson et aL, 52). The 


inerease the use 
m 
The measurements alone 


clinical examinatior 
nutrients. The fooc 
closely with intakes of calories and protein (Oh 
lower caloric intakes tended to be generally poor in all nutrients rather 
than specifically deficient in one. In spite of a large number of cases 
consuming fewer than 1800 calories per day, weight in excess of standards 
e Michigan sample even when an allowance was made 
| Serious underweight was not found. 


eight to the measurements chosen was 
f another project 


s selected as a part o 


was frequent in th 
ater size of chest and hips. 
ation of excess W 
rate series of case 


for gre 
Therefore the rel 
studied in a sepa 
on weight control. 


Table 4 presents 
ach group 0 


the data on women of widely varying weight but 
chosen so that еа f three subjects was matched for age, height 
and other physiological characteristics. Each measurement increases 
with ineneasedl weight and the increases are larger between frankly obese 

+4 ight than between the women 


subjects and those of normal weight for hei 
of normal weight and those underweight. Skinfold measurements of the 


abdomen, back, upper arm and thigh just above the knee made with а 

skinfold caliper using the directions as outlined by the Laboratory of 

Physiological Hygiene of the University of Minnesota were plotted 

against percent deviation of weight in figure 1. Apparently the measure- 

4 do measure differences 1n fatness as well as possible 
ups of subject. 


differences in body build of the three gro n" 
> " xc jeasurements chosen we 
The relations between weight and the me , та 
explored further in figure 2 which records the change in each measure- 
ment which occurred in а group of obese subjects with increasing 
reduced in weight with a diet 


amount of weight lost. Each subject was 


ments given in table 


5 Measured with & Narragansett dynamometer. 


1. OHLSON ЕТ AL. 


ARET 


MARG 


196 


SEF ger SEF UI oz er Di E 0'8 F005 HE FOI 8 68-08 
LEE РЕ G06 0c Serz — €£-F 06 Ol CZELE CBF EES e 64-04 
OFFN MEF LE 06 SFL OFFI Sl 116058 6&8-+8°88 IG 69-09 
OF FHKE LEFOL 0 JOFFE TOF RSS 6 f9- TLlI£ gL F ££ $8 68-08 
OF FOES SEIT 0c OOF LIE Tero ё1 6F-0F 
£8 606 Ub + 0708 0 68-08 
рит рит "ON purH рит "ON рит? puvH “ON ЧУЯД 
зәт ч WOT їч зәт WIN NI 
aov 


SLLIILAA VLOSANNI 


ALIM NYVOIHOIX 


OND3N NYOIHOIN 


ugmon OLIN pup apy sy npo Јо бу ur diab puny 


€ WISVUL 


ATUS OF WOMEN 197 


vop vot [n PEE бб 610 0211 SPOT LS 
o о UBM 
SOL a L -19AQ 
ecc Sle £86 925 GLI veo 6°69 S POL е8 
ч 0} 04 UII 
ЕЗ «єс 96 — -aBuadAy 
= 666 8'08 1795 GES 991 OES Spe YEDI 19 
= 0} 0} 3u83toa 
S osp Er4 L -pun 
ы 
= шә шә шә шә шә щә BY шә 
S MAO ONALNVHO оугпїч ам — SODIXLSOd пуняут  LHOISA аин ау ‘ON ano 
= ‘HAMID — -OUL-Td 'HINIO  -OuaINV ‘ISIHO зо ао 
4 
g“ avo WUV — '1saHo aoxva чохун 
A 
ч 
N u211031 yiana pun 
a 1106100-264240 “үүбзәамэрип fo sdnoa6 P3193138 Јо sjuswsansoaw Про 
© 
£ Ӯ? WISVIL 
© 
Rz 
my 
5 
= 
=s T a E m eee —-— F re. 


198 MARGARET А. OHLSON ЕТ AL. 


containing 85 to 90 grams of protein per day and food to provide a 
total deficit of about 800 calories per subject per day. The ratios of 
fat to carbohydrate used varied widely but because of the caloric limita- 
tion, most of the protein was obtained from foods of animal origin. The 
mean of each measurement is reduced with weight reduction but the 
most rapid change is seen in the girth of the upper arm. The apparent 
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of a vitamin B mixture. Patients with a history of a poor diet con- 
sisting largely of refined carbohydrate have been observed who, when 
transfered to a diet high in animal protein and adequate in all known 
nutrients, have shown a prolonged retention of nitrogen during weight 


9 Weight loss, 4.5 to 7 Кд. (11) 
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bi Weight loss, 9 to II kg.(6) 9 

70 $ Welght loss, 13 to I5 kg.(5) 
z 9 Weight loss, 17 kg. (I) 
$ gol. 9 Weight loss, 26 kg. (1 9 
$ 6. 
Кы = Mean 
о 
з 
э 50 
= 
$ o 
= 40 
5 o 
t 
2 зо a 
[4 
H й s 
3 o 
g 2.0 
c 
i". М. 
© 1.0 o 
E 
2 
5 ے نے‎ 
© go 24 men = ھت‎ 


71.0 


-20 


Bi-iliac Bi- -trochanter Colf girth, 
right 


antero- Arm, circum, 
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posterior 
Eacu or 6 BODY MEASUREMENTS FOLLOWING 
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+ ee NGE OF CHANGE 
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WEIGHT Losses OF FROM 
з ine eduction 
loss and marked figure changes not entirely explained by the reductio. 
of fat pads (Ohlson et al, 55). A spontaneous increase in activity 
ool ce ger revious mal- 
followed weight reduction in go cases suggesting 8 P 
nutrition in spite of overweight. 
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DISCUSSION 


There are only a few comments which can be made мад с 
presented. The White women of the two communities stud és ds 
quite different in physical build and the Michigan sample t s 
be considerably larger both in skeletal measurements of breadth ar 
fatness. Except for height and weight, there iie" 
measurements of women of adult age groups which may be empa = 
with this series. Women from both states in the age period 80 ‘oa E 
were somewhat taller and heavier than reported by Bayer and Gray E 
1934 for working women in England and a number of areas of the 
United States. "The sample of Minnesota White women compared rather 
closely in girth of Upper arm and calf with the Bayer and Gray sample, 
particularly in the 30 and 60 year àge group, but women from Michigan 
were consistently larger, Both Minnesota and Michigan women tended 


to have smaller chest measurement except for the 50 to 59 age group. 
Most of the reports cited 


above were published before 1931 and 
Since there was a trend toward a steady increase in height and weight 
in the various series from 1912 to 1931, it is probable that this study 
Measures, in part at 1, arent trend toward greater stature 
in the population as a whole. Height and Weight as reported in this 
study also are greater in both samples and at all ages than heights and 


are almost no physical 


042 wome 


4 mple were Selected from the North Central 
ee. Sail A a fhe g arcas sampled were from the Southeast. Data 


ggest that important state differences may 
uring height Ww 
in slightly 


lished study of measureme 
Munro (49) on Army 
data are included in 


nts of adult Women is that of Randall and 
Women from the ages of 18 to 39. Unfortunately 
the report on through age 30, and this study, 
nd Shelton was done for purposes of pattern con- 
struction, and except for height апа Weight, the measurements taken do 
not compare directly with those used in these observations, A limited 
s of subjects i 

recorded on special groups. Angel (49) 


measured the height, weight, 
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transverse and : 
ihe oo chest, and bi-iliae and bi-trochanter width 
measurements dia eee Шош and Gleser (51) made similar 
Parable age data с mice of the Terry Collection. In so far as com- 
the tarie hs ee d be separated, the figures reported here are within 
This pa — by these investigators. 
particular, pe apis тешик as an interval report, since the work, 
\ serial iin dedica M ichigan series, is being continued with plans for 
о газ to: om ae the original sample. It is apparent that it is 
o generalize from the samples studied to other population 


Seg 
gments ev Б 
s even w ^ ж, 
1 with the same communities. However, the measurements 
both build and fatness. 


further defines fatness 


made 

üppear aan эй É 

The am. to have some merit in determining 

ая relat ion of selected skin fold measurements 
ated to body build. 
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\ 

d 

| 
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j 
i 
T recent years weight reduction programs have been widely advo- 
(The T a preventive measure against heart disease and diabetes. 
Зейн for these programs lies partly in life insurance studies. 
ees re t persons, limited to substandard life insurance because of 
necepted pede were found to have a higher mortality than piii 
мей * standard insurance (Armstrong et al., ^51). Men markedly 
4 ies. had a mortality of 7976 above the standard zisk om 5 
Amon x with 42% for those who were moderately overweight, e 
beng. AE the increased mortality in excess of the standard FA 
жү as 61% for markedly overweight and 42% for moderately s a 
to Shi The study also indicated that the exces: is due ue y 
Mr and death rate from the degenerative diseases, particularly m 
-Xar vascular diseases and from diabetes. Deaths due to diabetes, for 
. ple, showed more than three times the expected diabetes mortality. 
a n addition to insurance studies, other data are available which show 


| 


he excess mortality 


lat 5 5 
At the prevalence of conditions such as hyperglycemia and high blood 


Pregsyya ; - А 
Јо "e inevense with tha degree OF exces weight. The findings of 
_ ^ 1 1 бү. 
V in and his associates (52) indieated а marked influence of over- 

A review of 3,000 clinieal records 


rei 
| ы on the development of diabetes. 
“closed that 62.7% of males and 67.4% of females showed evidence of 
With regard to high blood pressure, 


"Yerwo; 
аз} Cight at onset of disease. à 
SUR x 1 Чч sarlceT: 
апа er, Dublin, and Marks (50) surveyed 74,000 industrial workers 
las found that at every age and in both sexes there was an increase in 
ү erage l J н m М "= 1 ight 
b suere ari " 1 oht for a given height. 
lt lood pressure with increase of body weight 1 = ah is 
10 18 worth noting that these studies of the relationship 0 obesity 
act health and disease all measure “ obesity” in terms of departure of 
1 А 2 А & 
tal weight from a height-weight standard. Such measurements do 


to | 


xi 
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z «dis 
i ү ‘ts of the fat, fluid, bone, and muse 
not Eaa Mrd mra status of persons of a given ma 
т=з ы en а height-weight standard may in some DUM. 
D ADM E other than body fat. This "pecia i 
€ y м [ses a number of investigators, A study by Welh: 
geste у 


1 ight-weight 
and Behnke (^42) concluded that, * according to standard heig 


ssified as unfit 
tables, the majority of the football players as vpn by 
for military Service, and as not qualified for first class in: nes n 
reason of overweight," Actually, overweight in edd 20 dain y 
largely to body components other than body fat. A ер гае build 
Spain and others (53) with special reference to somatotypes hae vim 
classifications according to Sheldon et al., 40) showed that o | : Jed bà 
whose deaths were due to coronary heart disease, 24 i ë ми үч 
dominant mesomorphs (tendency toward museularity), Gertler » eet 
associates (751) in clinical studies on young adults with egg, e 
disease also found more dominant mesomorphs than endomorphs. 1» БШШ 
son and Brucer (40) studied the relationship of obesity and boc дйн 
to hypertension and coneluded that whereas body build ds ап img 
Predisposing factor, obesity as such was a small factor.* Ж, 
Morbidity, as well as additional mortality, investigations, an кезен 
to clarify the Significance of departures from “normal” body a lin 
А Multiple Screening Project conducted at p, C. General Hospi s 
January 23, 1952, to October 24, 1952, affor 


Lion 
x š d А valuatiol 
study the relationship of various weight evalua 

ce or absence of 


disease. Other aspects of з 
multiple Screening Project have already been reported (Kurlander ef Р 
54, 755). Four methods of measuring fat were used, varying 2 fat. 
manner in which they included body components other than body E 
The criteria Were: 


1. Gross body weight, 

?. Standard Height-Weight, 
3. Pryor Width-Weight, 

4. Skinfold thickness, 


Each of the me 
obesity is concerne 
in varying degrees, 


thods shows а different 


ar as 
degree of erudeness, as f 
d. since other 


: nter 
components of total body ie cages 
ard height-weicht is the earliest an 
* Editor’s Note; 


Fora discussion of * 
1955, J. Chron, Dis., 


^ . Keys 
a Obesity and heart disease ” see A 
7; 456-461 


„ы 
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A сатин used method for measuring “ obesity.” The widely 
м Ыы E standard weights for age, sex, and height resulted from 
CE a Mortality Investigation (Association of Life In- 
of е [^ Ha Directors and the Actuarial Society of America, 712) 
Сай 1 а ders accepted for insurance in the United States and 
x: between 1885 and 1909. 
© isi ds (40) width-weight standards call for an objective measure 
int contribution of the body structure to total body weight and take 
9 consideration the width of the hips and chest as well as the height 


Thus this method better measures obesity since it 


of the subject. 
The standard 


Considers 1, š "ee " 
iders lateral development in addition to height. 


Weights с ж E у Р . 
fh ghts shown in the published Pryor width-weight tables were predicted 

"or ; : cipe е Wege ae 
n a multiple-regression equation in terms of height, bi-iliae diameter 


and the lateral thoracic diameter for a given age and sex. 
dee D. ©. General Hospital Multiple Screening Project a wooden 
per with a sliding metal arm was used to record the width of the 
chest and hips. The width of the chest was measured at approximately 
we tipple level. In taking the measurement, the arms of the conpor 
pressed together until they touched the body on both sides without 
Pressure.* The instructions for the measurement of the hips were 
t measure with firm pressure the greatest width at the crest of the 
ilium. Subjects were required only to remove their outer garments. 
| The skinfold thickness technique used was essentially as recommended 
зу Brožek and Keys (51). Measurements of the thickness of the skin- 


fold were made at three sites: midway on the posterior line of the upper 
llary line), and below the left 


arm, above the iliac crest (in the midaxi 

Scapula, These sites were selected since they did not require that the 
Sereenees disrobe and were suggested as appropriate for surveys by Keys 
and Brožek (58). 

The skinfolds were measured by а caliper furnished by Dr. Keys of 
the University of Minnesota in 1952. The area of the contact points 
of this caliper was 20 square mm and the opening pressure was 530 gms. 
Ап index of body fat was obtained by averaging the three skinfold thick- 


Ness values, | 

Tn the D. C. General Hospital Multiple Screening Project, screening 
tests and physical examinations were given to persons who applied to 
the admitting and emergency office for hospital or outpatient care. A 
„ "Editor's Note: The thoracic diameter, when measured without pressure, 
Meludes also the subeutaneous adipose tissue. 
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7 3 1 Negro. 

total of 964 persons were red е = : eod "d e 
i ify i i he da pause § 1 

= неча етери Negroes were used in this obesity 
wer э 
a obesity classifications were related to the results of inn dni 
ironia Diagnostie criteria for heart disease and igni 
have been described in detail in previous papers (Kurlander et М ides 
For each of the four obesity measures, “ obese” persons were m rs 
arbitrarily defined as those falling in the upper fifth of an array z es 
measurements obtained. For the Standard Height-Weight and the m 5 
Width-Weight estimation procedures, percentage deviations mon in 
standard shown in the tables were used. These percentage deviations 
were arrayed from largest to smallest and the upper 20% of the io 
tribution considered as overweight. While this is not an entirely satis- 
factory definition of overweight, it was the only procedure that could be 


uniformly applied since there were no adequate standards for total body 
weight or skinfold thickness, 


WEIGHT MEASURES AND CARDIOVASCULAR DISEASE 


The sample consists of 643 persons with all four measures of obesity 
and a complete diagnostic work-up for cardiovascular disease. As 
judged by the standard height-weight tables, the 198 males in this group 
tended to be somewhat underweight, with 199 below the standard and 
only 69 at or above their standard weight. On the other hand the 445 


females appeared, as a group, to be overweight with only 184 below 
standard weight and 261 at or above, 


In order to study the re 
heart disease, syphilitic heart disease and peripher 
were included in the negative group since in 
be little justification for те] 
considering relationship to hi 


lationship of obesity to disease, rheumatic 
al vascular diseases 


general there appears to 
ating these conditions with obesity. In 


eart ith hypertension alone 
were included in the non-heart e group 
group. 


The results of applying the т determining obesity 
status to the 198 males (46 w disease, 20 with hypertension) 
are shown in Appendix Low lues obtained for 445 females 
(93 with heart disease, 52 wit lon) are shown in Appendix II. 

Table 1 contains the eru adjusted rates of heart disease 
observed in obese and norma les when four different methods 
of designating the obese ве Opulation are used. Age adjust- 


disease, persons w 
disease or negativ. 
four methods fo 
ith heart 
hile the va 
h hypertens 
de and age- 
l or thin ma 
Ement of the p 


Y». 
ت > ر‎ 
————— 


bê 


OBESITY AND DISEASE 207 


of these rates was desirable, since some of the difference in the 
M фрун їп the iwo groups was due to a greater 
a Е ч ipi s - group and since heart disease is more prevalent 
Dum. Du hd grops: This tended to magnify differences in preva- 

ıe small number of cases involved, data for hypertension 


among males are not shown. 
1 E " "1 B p m 

| t will be noted that actual weight, which of course includes all body 

“om а "M В © è Я в 

ponents, differentiates those persons with heart disease from those 

)ersons wi а 

= without heart disease about as well as the other two methods 
desienati тиши" "er adius 1 i 

209; н и overweight. Atte adjustment for age differences, the 
/ ie males most overweight had a prevalence of heart disease 


TABLE 1 


disease in Negro male patients identified 


Cr Р 
rude and age adjusted rates of heart à 
thods of obesity classification 


as obese by four different me 


onesE (N = 40)* NORMAL OR THIN (N = 158) 
Percent Percent. 

with Heart Disease with Heart Disease 
METHOD Age Age 

Crude Adjusted Crude Adjusted 
Rate Rate Rate Rate 
Aetual weight 45.0 38.7 17.7 18.4 
Standard height-weight 45.0 40.0 17.7 18.3 
Pryor width-weight 42.5 38.5 18.4 18.5 
Skinfold thickness 25.0 22.1 22.8 23.6 


! Upper “ fifth” of participants were designated obese. 
over twice as great as the remaining 80%. On the other hand, the 
skinfold th ickness measurement wh ich primarily measures body fat 
showed no direct relationship 10 the prevalence of heart disease. These 
data seem to support a hypothesis that among males it is body com- 
Ponents other than body fat that are associated with the excess heart 
disease mortality among overweight observed in life insurance studies 
when overweight was defined by the height-weight method. 

The data presented in table 1 provide no evidence as to relationship 
between obesity and heart disease- It is quite likely that some persons 
with disease are thin because weight reduction is part of the treatment 
for the disease or maybe the effect of the disease itself. It would have 
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i : before heart disease 
been desirable to have applied the obesity vue sen КЕСЕ 
uu NE ле, ж : idi m Feed id Some infor- 

i Y T, befor seas i 
= peg ar s separately those males who were мет 
vini Ded of their heart disease and whose illness was previously 
unknown to the Outpatient Department of the D. C. hes pa 
In these patients presumably the heart disease had я др \ кле 
affect the individual’s Weight status. There were 22 previously w : E 
cases out of the total of 4G shown in table 1. The results are = Е 
in table 2. While the numbers involved are small, the results оз 
similar to those given in table 1 and Suggest that body fat may not be 
important in contributing to the presence of heart disease. 


TABLE 2 


Previously unknown h eart 


General Hospital. 


disease in Negro males 


NORMAL OR THIN 
OBESE (N = 40) (N = 158) 
METHOD 


Percent with 
previously unknown 
heart disease 


Percent with 
previously unknown 
heart disease 


Actual weight 


17.5 9.5 
Standard height-weight 20.0 8.9 
Pryor Width-weight 15.0 10.1 
Skinfold thickness’ ^ 10.0 11.4 


Tables 3 and 4 contain the crude 
disease and hypertension observed in 4 


and age adjusted rates of heart 
and normal or “thin.” Here the ag 


45 Negro females classed as obese 
e distributions of the two groups 


© age adjustment of the percentages has little 
effect. Foy heart disease, the differences were small and the prevalence 
was not Consistently higher in the 


Overweight groups. On the other 


in the overweight group was nearly 
e norma] or 


hand, the prevalence of hypertension 
twice as high in comparison to th 
relationship was about the 
Of the 93 cases of 


unknown. When these ar tely, as shown in table 5, 


E -qi 


3 
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TABLE 3 


Heart disease in Negro females 
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NORMAL OR THIN 


OBESE (N = 89) (N = 356) 
Percent. Percent 
with heart disease with heart disease 
METHOD Age Age 
Ag Ag 
crude adjusted crude adjusted 
rate rate rate rate 
Actual weight 24.7 24.4 19.9 19.8 
Standard height-weight 21.3 22.3 20.8 20.3 
Pryor width-weight 19.1 19.7 21.3 21.1 
Skinfold thickness 27.0 25.0 19.4 20.0 
TABLE 4 
Hypertension in Nego females 
NORMAL OR THIN 
OBESE (N = 89) (N = 356) 
Percent Percent 
with hypertension with hypertension 
METHOD Age Age 
crude ad justed crude adjusted 
rate rate 


rate 


NENNEN. e c r 
101 . 101 


Actual weight 
Standard height-weight 
Pryor width-weight 
Skinfold thickness 


18.0 17.6 


18.0 18.3 10.1 11.6 
18.0 18.3 10.1 10.1 
18.0 16.9 10.1 10.3 


Previously v 


unknown heart di 


TABLE 5 


sease in Negro females 


METHOD 


opEsE (N = 89) 
Percent with 
previously unknown 
heart disease 


NORMAL OR THIN 


(N = 356) 


Percent with 


previously unknown 


heart disease 


Actual weight 
Standard height-weight 
Pryor width-weight 


9.0 
7.9 
7.9 
9.0 


Skinfold thickness 
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CONCLUSIONS 


ined from the D. C. General Hospital Multiple arar 
I е doubt on the role of body fat in contributing cri ed 
oe ventur heart disease among males. While the num 7s 
Ficus pe nies large and were confined to a Negro ыы, 
ath Nas with the hypothesis that body н ае r мела 
те body fat are associated with excess stas She iion чый 
disease observed in life insurance studies of Шш ig 
among females no such evidence тш E T — 
The methodology used in this study is air 4 ee ae 
applied. The findings should he verified by л еы Ыла 
population groups. Moreover, it seems important that т ! 


ч ы T ont of 
studies dealing with the relationship of obesity to the developmer 
disease be instituted. 


а sity in the 
1. Much of our knowledge regarding the role of obesity 
etiology of disease stern 


mr A. E itv? was defined 
ns from studies in which ‘obesity ” was 
as departure of body weight from a height-weight standard. 
9 


: dion 
š associatior 
2. A number of studies suggest that some (or all) of the as 

between weight and dise. 


А ather 
ase may actually be due to body build rat 
than to obesity. 


3. A study is reported he 
criteria, ranging from measur: 
ponents( e.g., body fat, bone, E vas 
only body fat, The prey, art disease and hypertension V 
compared in оһеве and norma] or « thin” persons, 

4. For males, when Measures of obesity 
body fat (т. e., skinfold thickness) 
observed between heart disease and 
which included other body 
relationship betw 


З Е ‚ four 
re in which obesity was defined by nes 

; . ^ onis 
es which tended to inelude all body 


i de 
muscle) to those which tended to inclut 
alence of heg 


: ; only 

Which tended to include ip 
1 8 

Were used, there was no relation 


When measures of obesity 
e used there was a pronounced 
and obesity, — 
onship between heart disease 
and obesity and between hypertensi Obesity was observed regardless 


than body fat that ате а 


Ssociated with 
in life insurance studies 


1 о 
of Overweight men, For females, however, n 


E 
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evidence was obtained which suggested that body components other than 
body fat have been responsible for the increased morbidity and mortality 


observed in the overweights as defined by the standard height-weight 


tables. 
Т. It is suggested that the methodology used here be applied in other 


Lj 
studies and that these findings be verified. Considerable emphasis should 
iship between body 


be placed upon longitudinal studies of the relatior 
fat and the development of disease. 
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BODY WEIGHT: FACTS FROM LIFE INSURANCE 


RECORDS 


BY HERBERT Н. MARKS 
Metropolitan Life Insurance Company 
on applicants for insurance that are 
nd are of the utmost value are 


st and abdominal girths 
measurements 


ITE simplest objective facts 
ieie н апа routinely obtained а | 
алга aa = weight. Measurements of che 
of spine 1 ا‎ and used, and, as will be noted later, 
A се à were collected by one company. But el usefulness has 
lieiphts ДЕ y secondary to the more voluminous and valuable data on 

йе and weights. The latter items of measurement permit ready 
classification of applicants for purposes of mortality investigations. The 
ашы body of information on the relationship of body weight to 
Pa ia has been of great significance to medicine and public health. 
1 articularly is this true with regard to overweight, which is recognized 
n of the principal impairments among persons applying for insur- 
and is associated with the early onset of degenerative diseases, 
particularly arteriosclerotie conditions affecting the heart and circulatory 
System. я 
It is hard for us to appreciate that a century or more ago, when 
»eriod of expansion, the well nourished stout 
the best risk for life insurance. In 
tuberculosis and other acute infectious 
very high death rates that pre- 
e of any sound medico-actuarial 
were unknown. How much 
d in the course of these 


life insurance began its long ] 
fie was looked on with favor as 
hose days the wasting diseases like 
diseases were chiefly responsible for the 
bas in the population. In the absence 
this les, the facts on the long-term outlook 

situation has changed will be develope 


remarks, 
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DEVELOPMENT OF HEIGILT-WEIGHT TABLES FROM LIFE INSURANCE 
RECORDS 
i i б Wwe] { or 
Actually, figures on the relationship between body weight and othe 
body measurements go back scarcely a century. 


compilations of data on body weight were based upon small numbers of 
cases and obviously could give no accurate 


The earliest. insurance 


picture of the variations by 
height and age (Medico-Actuarial Mortality Investigation, vol. 1, 712, 
р. 11; Dingman, 46). 

The first table based upon a consider 
took account of age was prep 
Medical Directors in 1897 


able volume of statistics which 
атой by the Association of Life Insurance 
(cited in Shepher 12). It was based upon 
74,162 male applicants accepted for life insurance in ihe United States 
and Canada. In 1900 the National Fraternal Congress published a 
similar table of heights and Weights according to age based upon approxi- 
mately 135,000 insured in fraternal orders in the United States and 
Canada (cited in Medico-Actuarial Mortality Investigation, vol. 1, 712, 
pp. 11 and 19), Shortly thereafter, similar tables were prepared by а 
number of Europe: Apanies (ibid., pp. 11 and 20). 


an insurance con 
The first extensive tables for Women were those brought out by 
Dr. Faneuil 8. Weisse (12) of the Mutual I 
New York, in 1908. These tables were based upon height and weights 
of about 60,000 cases insured over е 

women we 


( the previous decade. The records 
Tor 25,000 of these I s decade 
ance of 35,000 were 


Afe Insurance Company of 


the bal те obtained from the Mutual Life and 
e : à * m 

Ja supplied by the New York Life Insurance 

Company. 

Ps EM e of these Various Sources, insurance companies prepared 

€ е their guidance In selection of applicants In the first large 

- ereompany Investigation of y asses of risks in this country; 

nown as th iali lali rris a i 

А des " s I asi Morlality Investigation and published in 1903, 

ppeared a table of weightg Covering a broad range of « 
D 


1 " ls? which 
was derived from these earlier studies, and, in Аааа, zee other 
weight groups were defined, one for underweights and 1 го for over- 
weights of varying degree, аам 

The tables of average we 
for over 40 years in this country as wel] 
from the next intercompany study know 
tality Investigation 12-14), 7 
relationship of build to mor 


arious с] 


1с . A P 
ight for height which have been in vogue 


as in many others were derived 
n as the Medico-Actuarial Mor- 
his was a broad study covering the 


tality and of the mortality associated with 


——— 
O ف‎ 
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a selected list of impairments and occupations among persons accepted 
E EE "md " this study appeared in a series of 
neg" шка ы еп j bend 1914. А goodly рагі оѓ the first volume 

ie detailed facts on heights and weights of the insured 
persons, The data on men were derived from samples of the records 


of standard li ; а А S 
t standard lives during 1885 to 1900 inelusive. The number of such 
obtained partly in the 


ses totaled 221.819. "The data on women were 
on only 10,000 cases, 


вате wav М ۹ 3 А 
ame way, but since this method provided facts 
data on women insured after 


as standard risks. 


= companies provided supplementary 
900. The great bulk of these supplementary data were furnished by 
total of the approximately 135,000 policies 
o-thirds were from that company. 
indoor clothing, with shoes 
s and weights were 


one company. In fact, of the 
ou the lives of women, approximately tw 
Heights and weights were taken in ordinary 
On. From this material graduated tables of height 
prepared for men and for women, and these have been in wide use ever 


sinee, 

Subsequently, about 
Impairment Study, 1929 (31 
tigation, height-weight data were а 
requested to furnish these data on 
ages under 20 where data were obtained for all individuals. This yielded 
667,000 cases on males and 85,000 on females. Except at ages under 25, 
i the old and new tables 


the differences between the average weights in 

o small in fact. that it was decided not to revise 
ables except for ages under 25. 

It is interesting to observe that the average heights of both men and 
Women in the 1929 study were not significantly different from those 
Observed in the Medico-Actuarial Mortality Investigation а generation 
earlier, The relative stability of both average heights and weights is 
rather significant because the level of the population to which this type 
1 gradually changed, and moreover there were 


significant changes in the ethnie composition of the population. In 1900, 
$1,000, the minimum for standard Ordinary policies, was a relatively 
large amount of money, 80 that most of the insurance of this type was 
issued on persons in the middle and wealthier classes. With the gradual 


change in the price level and the increase in wage levels, a steadily 
of persons in the clerical and skilled worker group 


f this kind so that they accounted for a distinctly 
rrying Ordinary insurance during the 


in connection with the Medical 
intercompany inves- 
The companies were 
es, except at 


25 years ago, 
), another large-scale 
gain collected. 

2% of the standard cas 


Were remarkably smalls 
the standard height-weight t 


of insurance was sold һай 


Increasing number 
oo insurance 0 
arger proportion of persons са 
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period covered by the Medical Impairment Study, 1929. At the same 
time, in the period from 1880 on. the number of immigrants rose rapidly. 
Between 1900 and 1914, the period of heaviest immigration, a large 
proportion of the immigrants were from Southern and Eastern Europe. 
They were generally of shorter stature and of slighter build than the 
earlier immigrants or the second and third generation descendants of 
these earlier immigrants. This is probably one of the chief reasons why 
the trends in build derived from life insurance records are not in agree- 
ment with those principally based upon college entrants that indicated 
significant increase both in stature and weight between successive genera- 
tions over the same period of time. " 


BUILD AND MORTALITY 


For this Conference, the facts of major interest are those relating to 
the variations in mortality, both in the aggregate and by cause, that are 
associated with differences in relative weight. The facts on mortality 
pertain generally to classifications according to either absolute or per- 
centage deviations from average weight for height and age. The findings 
in broad height groups and in cases with waist girth in excess of chest 
girth were also ascertained. "There have been two comprehensive inter- 
company investigations along these lines under the joint auspices of 
medical directors and actuaries, namely, the 1912 AMedico-Actuarial 
Mortality Investigation and the Medical Impairment Study, 1929.1 There 
is, however, useful information also in the earlier (1903) Specialized 
Mortality Investigation. In addition, there have been a large number 
of separate studies based upon the experience of individual companies. 

Certain basie facts relating to the nature of these studies deserve 
emphasis (1) They are essentially long range follow-up studies based 
upon a considerable number of lives. (2) The initial selection of cases 
and the subsequent evaluation are entirely independent and the evalua- 
tion is entirely objective. (3) "These studies relate to presumably 
healthy persons, selected after medical examination, who are in better 
than average cireumstances, free of serious d \ 
pations. They do not relate to a cross section 
Insofar as certain of the more serious impai 


efects, and in safe occu- 
of the general population. 
rments causing rating ОГ 


1 Another investigation of this kind has already been planned and is under way. 


зА fuller statement on the nature, the advantages and limitations of these 
studies will be found in a paper by Lew (54). 
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are more frequent in overweights than in 


Ders 3 7 ب‎ 5 
persons of less weight, the results understate, relatively, the mortality 


SESE TEE xui 4 
associated with overweight. 


The res ў і igati 
es n 3c nd а = - 
sults of these investigations are presented in the form of mor- 


ted deaths. 
number of deaths that occurred among 
ber that would have occurred 
those experienced by age and 
whom the mortality standard is based. 
ates to persons insured under 
d. In the more recent 
the major causes of 


This percentage relates the 
persons in a specific category to the num 
mus death rates had been the same as 
ration sons 
Except ЫСЫ, ne standard rel 
standar cdi Dei Кк 1 
з ен Ошу policies during the same perio 
юз be mortelity ratios were computed for each of 
з as well as for all causes. 

It is recognized that classificatior 
and weight alone is not completely 
of variation of body weight at each 
Bo differentiation between persons 

: assification is virtually the only one for w 
9f long range data on longevity is available. 


a of body build based upon height 
Nevertheless, the range 
height is great enough to provide 
of various builds. Moreover, 
hich a substantial volume 


adequate. 


ALITY INVESTIGATION 


SPECIALIZED MORT 
vered the experience 


The Specialized Mortality Investigation (203) co е 
of 84 сотрапіеѕ оп 98 special classes of male risks who were insured at 


Standard premium rates after 1869 but before 1900 and traced to the 
policy anniversary in 4900. ‘The mortality table used in the compu- 


tation of mortality ratios was based on an English life table which was 
i nderstated the mortality ratios at 


not altogether suitable because it u y : 
Nevertheless, the facts in this study are instructive. 
asses in which body puild was a factor. Among 

ignificantly above the expected except at 
those with a lesser degree of overweight, 
the mortality ratios were generally lower than among the obese. In 
classes concerned with average and underweight persons, the observed 
mortalities were all generally below the expected. 


the younger ages. 
There were several cl 
the obese, the mortality W 
entry ages 15 to 28. Among 


as § 


-ACTUARIAL MORTALITY INVESTIGATION 
tigation (vol. 2, 13) analyzed 
lation to build. Among males 


MEDICO 
ortality Inves 


The Medico-Actuarial M 
tality in Te 


in great detail the effect of mor 
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s showed a fairly con- 
ge for underweights 


the unadjusted mortality ratios in detailed с 
sistent downward trend in the ratios with advancing vogs 
and to some extent in those for average-weight men. The trend of "(ex 
begins to shift upward by age among those slightly overweight pus = 
was distinctly so in the case of those 15 to 20 pounds above average 


weight. The trend was not consistent by age in the group 25 as 
pounds above average, but, except at the oldest ages at issue, the aaa 
ratios in this group were consistently above 100%. It was clear tha 
at ages under 35 at issue the mortality figures favored those who р 
slightly or moderately overweight. but this did not hold true at ages 
beyond 35. At most ages from 35 up to about 55, the lowest mortality 
ratios were recorded among men 5 to 10 pounds underweight and, at 
ages 57 to 62, among those 15 to 20 pounds underweight. The highest 
ratios were generally of the order of 15 to 25% in exe of the standard, 
but if the class with the lowest mortality ratio is used as the base, the 
mortality among overweights after ages 35 ran from 30% to more than 
40% higher than the minimum in the various age groups up to 56. In 
the oldest age group, 57 to 62, it was approximately 50% higher. | 
Attention was paid in this study to the causes of death according 
to build, but unfortunately the material considered only three broad 
classes, namely, those 50 pounds or more overweight, those 25 pounds 
or more underweight, and the group between, designated as “ Standard 
Lives.” Nevertheless, certain findings are of significance. At ages 15 
to 29 at entry the highest mortality was recorded in the underweight 
group, and was primarily due to tho mortality from tuberculosis which 
accounted for nearly 40% of the deaths. 1 
however, overweights had the highest mor 
hemorrhage and apoplexy, 


[z] 


Sven in this young age group» 
tality from diabetes, cerebral 
heart disease, cirrhosis of the liver and 
Bright's disease, At ages 30 to 44 at entry 
the highest death rate from all causes and also from diabetes, all the 
cardiovascular-renal diseases and cirrhosis. The rates for the obese from 
the cardiovaseular-renal diseases 

among the underweights, In this 
cause of the small excess in the de 
with overweights, At ages 45 


à sh 
overweights showed muc 


averaged more than four times that 
age group tuberculosis was the Ша 
ath rate of underweights as compare’ 
and over the crude mortality rate wa 
least in the underweight group and highest among the obese. The excess 
was most marked for diahetes where the rate among the obese was 29 
times that among underweights, For cardiovaseular-renal diseases, the 


crude death rate among the obese averaged more than double the figure? 
recorded for the underweights, 
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_ Attention was also given i А 
girth over к ‘also: given, dn this study to the ех i 
а со P in relation to build a 
although it ы ies 14). The findings were not altogether ice 
large abdominal eis that the mortality experience on obese men with 
findings is boli йн was very poor. Part of the inconsistency in tl 
ieved to be the more rigorous selection of ж mh im 
d for standard insurance. 
also covered variations 
ody weight {от females (vol. 2; 
r than for men. but in 


Sive ab е 
abdominal gi 
The e girth who were accepte 
" Medico-Act as А 
i Actu : eniti 
a the mortality ex arial Mortality Investigation 
19). The nes experience according to b 
general, the гаан of lives was much smalle 
characteristies of А 
veteristies of mortality by build paralleled that found 


among 
E men; ni 
; namely, ¢ 
amely, at the younger ages, the record was least favorable 
гаѕ most favorable among 


among 
g underwei 
them. In ig eight and at the older ages W 
пе over s A $ 
erall picture the overweights had the highest mortality. 


IMPAIRMENT STUDY, 1929 


uild in relati 
n pairment 8 


MEDICAL 
on to mortality 


tudy, 1929 for 


The 
next major i 

major intercompany study of b 
The mortality 


Was made j 

Which the Y connection with the Medical 1! 

study was MES data were given previously. 

32). Tti mitad to males (Supplement to Medical Impairment Study, 
ıcluded those who were sub 


to 
^ COVvere 
d tl — i 
ne experience during 1909- 


to 19 
2T. 
found in а &ецела1 characteristics ОЁ bui 
the Medico-Actuarial Mortality Investigation still prevailed, 
mong young adult 


ly unfavorable & 


did best. In contrast, 


namely 
Hr mortality record was slight 
he ee me but at the older ages tl 
The т? : among the obese was highest in all age groups. 
relief if gn mortality among the overweights is thrown into better 
lues rire Qu is made on the basis of the weight group with the 
ound чө кч ratio. The details ате shown in table 1. Thus, it is 
&enerally or those 25% or more overweight, the mortality ratios were 
y one and a half times that of the weight group with lowest 


118 group 


Mortality, 
Analvs; 
alysis of the causes of death in this experience was made on the 
rial Mortality Investigation Because 
ves, these data at ages 


Sam 
е basi 
sis : 
OF the ind used in the Medico-Actua 
usion of a very large number of young lives, dos à 
this discussion. 


to 29 an 
are atypical and are therefore omitte P 
ue 


ta 
е А 
ges 30 to 44 the mortality was the highest among overweights, 
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TABLE 1 
Medical impairment study, 1929 
Observed ratios of actual to expected mortality among male overweights and 
estimated ratios based upon mortality in "optimal weight" group 


Experience of 32 life insuranee companies, 1909 to 1927 by deviations from 
average weight and by age groups at issue 


PERCENT ACTUAL OF EXPE 


AGE GROUP AT ISSUE: Estimated on b 
Percent above of mortali 
average weight Observed " Optimal we 


Ages 20—20 


5% to 14% 99 106 
15% to 24% 107 115 
25% to 34% 134 144 
35% or more 163 175 


Ages 30-39 


5% to 14% 90 107 
15% to 24% 120 143 
25% to 34% 137 163 
35% or more 137 163 


Ages 40-49 


5% to 14% 07 126 
15% to 24% 117 152 
25% to 345% 141 183 
35% or more 141 183 

Ages 50-59 

5% to 14% 91 115 
15% to 24% 118 149 
25% to 34% 122 154 
35% or more 143 181 


* Ratio in weight group with lowest mortality 
Ages 20-20039, И 
30-39—84.%, 
40-49 —77%, 
50-59—7 9% 
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primarily to the cardiovascular-renal diseases and diabetes. In the 
underweight group the small excess of the death rate over that of 
Standard lives is more than accounted for by tuberculosis. At ages 
after 45 the crude mortality was lowest among underweights and highest 
among overweights, and all but a small part of the exc of the mor- 
tality among the obese was due to the cardiovascular-renal diseases and 
diabetes, The mortality rates were all distinctly lower in this study than 
in the Medico-Achearil Mortality Investigation, but significantly, the 
greatest improvement was in the respiratory diseases, especially among 
Average and underweights, where not only the actual mortality was 
lowered but also the proportion of total deaths due to these causes. 

Investigation was made also of the mortality among eases with 
abdominal measurements more than two inches greater than chest girth 
In all cases the mortality was elevated, seriously so 


at full expansion. 
in those markedly overweight. 


STUDIES MADE AFTER 1929 


In the years since 1929 we have witnessed the virtual abolition of 
deaths from tubereulosis among the better situated classes in the eom- 
Munity, and in all classes, radical reduction in mortality from infectious 
diseases, notably pneumonia. While the mortality from these conditions 
Still tends to be higher in underweights, their importance relative to the 
total mortality has diminished so greatly that when the trend in the 
Mortality from all eauses combined is considered, it is so greatly in 
favor of underweights as to wipe out even at the younger ages the dif- 
ferentia] in mortality that was formerly in favor of overweights. This 
has been brought out in a number of studies of the experience of 
individual companies made in recent years (Dublin and Marks, 737 and 
"38; Blair and Haines, 49; MeCormick, 49). : 

A comprehensive investigation was made of the mortality experience 
9n women according to build among those insured by the Metropolitan 
Life Insuranee Company between 1922 and 1934 and traced to the 
Policy anniversary in 1936 (Dublin and Marks, 87 and 738). This 
Study showed the same trends as earlier studies on male lives, namely, 
Telatively high mortality among young underweights; distinctly high 
Mortality among old overweights; the most favorable build for mortality 
Shifted from moderate overweight at the younger ages to moderate under- 
Weight at older ages. Some evidence was found that the excess mortality 
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at both extremes of the weight scale was not as great in females as in 
males. 

For tuberculosis the mortality was much higher than average among 
underweights and decreased with increasing weight. Among young 
underweights, the mortality from pneumonia and influenza was likewise 
higher than average for those markedly underweight. For the chronic 
cardiovascular-renal diseases there was a fairly steady progression of the 
ratios from the lowest levels in the underweight groups to the highest 
in overweight groups. The most striking differences were found in 
diabetes and diseases of the gallbladder and biliary passages. For these 
the upward progression of the mortality ratios with increasing weight 
was marked. 

A special study of the mortality among very tall men showed that 
with respect to the relation of build to mortality these men were no 
different from their shorter fellows (Dublin and Marks, 36). This 
study, based upon the experience of the Metropolitan Life Insurance 
Company in 1922-1935 on men at least 6 feet 2 inches tall showed à 
generally higher mortality among those who were overweight than among 
the underweights. This was especially marked among the older men, and 
for them particularly the excess mortality was due principally to degenra- 
tive cardiovascular-renal diseases. 


A study was made of the Metropolitan’s experience on persons limited 
to substandard insurance solely on account of weight who were insured 
in the period 1925 to 1934 and traced to the insurance anniversary 10 
1950 (Dublin and Marks, 52). This experience covered more than 
50,000 persons—26,000 men and 25,000 women. The mortality of these 
overweights was measured by the comparable experience for each sex 
among persons accepted for standard insurance. The adverse effect of 


overweight was evident at every period of adult life and increased with 
the degree of overweight. 


Again, a better measure of the excess mortality of these overweight 
is to compare it with that of the weight group with the lowest mortality: 
For this purpose contemporaneous data were not available. Accordingly : 
the ratio for the “optimal weight” group of the Medical Impairment 
Study, 1929 was used as a standard. Computations for males on this 
basis, given in table 2, indicate that the mortality ratio among the ove?” 


weights in the new study was of the order of 200% at ages 20 to i 
and 165% at ages 50 to 59. 


MM —————————————— 
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The excess mortality of the overweights in this study also was pri- 
marily accounted for by the high death rates from the diseases of the 
cardiovascular-renal system, diabetes, and liver and gallbladder disorders. 
Both sexes showed the same general picture. 


TABLE 2 
Mortality among males limited to substandard insurance because of overweight 


Observed ratios of actual to expected deaths and estimated ratios on 
basis of mortality in “ optimal weight" group 
Experience of Metropolitan Life Insurance Company, Ordinary Department, 
issues of 1925-1934, traced to policy anniversary in 1950 


PERCENT ACTUAL OF EXPECTED DEATHS 
Estimated on basis 
of mortality in 


AGE GROUP 


AT ISSUE Observed “optimal weight " group * 
20-29 180 194 
30-39 169 201 
40-49 152 197 
50-59 131 166 


* According to ratios in weight group with lowest mortality in Medical Impair- 


ment Study, 1929. For details see footnote to table 1. 


EFFECT OF WEIGHT REDUCTION ON MORTALITY 


It was possible in this study to segregate those overweights who had 
lost enough weight to have their rating removed and to analyze the 
Mortality record for them. It was found that weight reduction improved 
the outlook for these cases. For example, among men originally limited 
to Substandard insurance because they were moderately overweight, the 
Mortality subsequent to the change of rating was 113% of the standard, 
compared with a mortality ratio 14276 for all the moderately overweight 


men, 


MORTALITY AMONG OVERWEIGHTS IN RELATION TO SPINE LENGTH 


AND CHEST GIRTH 


Since insurance physicians and actuaries have been well aware that 
many overweights, even some of the obese, live to a ripe old age, it is 
not surprising that search has been made for some simple means of 
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identifying the “good” overweights. All these attempis have been 
fiuitiess “The major study along these lines which was thought to have 
: based upon the criteria of phy 


great promise wi à E cal fitness agape 
by Dreyer (21). according to which a relatively long trunk аруа to 
bé advantageous. Fortunately the Union Central Life Dasistiina Ш» 
pany had required measures of the length of the trunk of apponi 
This provided the only source of data based upon a considerable volume 
of experience that would approximate Dreyer's criteria. Preliminary 
studies were made to set up the necessary standards of relative spine 
length according to height and age (Dublin, ^23). Tests of Dreyer's 
criteria were applied to employees of the Met ropolitan Life Insurance 
Company. The criteria were not successful in discriminating between 
the healthy and the unhealthy employees. Nevertheless, a full-scale study 
was conducted to test the hypothesis by the long term mortality expert- 
ence on the Union Central Life Insurance 
(Dublin, 
fusing. 


Company's male polieyholders 
4 and 25). The results were rather contradictory and con- 
ul overweights with long trunks had a somewhat lower mor- 
tality than other overweights, but this did not hold for shorter men. 
The only positive finding was that overweights with large chest girths had 
a higher mortality than the others. One may suspect that this might 
simply have reflected a somewhat higher average weight for the group. 


r 


MODIFICATIONS OF STANDARD WEIGHT TABLES 


The evidence then is overwhe 
health in many way: 
serious matter, 


Iming that overweight is dangerous for 
and the shortening of life associated with it is & 
Moreover, the standard of weight in middle and old 
age is much too generous. Suspicion about this goes back longer than 
is generally realized. Аз early as 1908 Dr. Brandreth Symonds, one of 
the great figures in life insurance medicine of his day, raised the question 
and again brought it up in his presidential address at the meeting of 
the Association of Life Insurance Medical Directors in 1912 (Symonds, 
115). Accordingly, a resolution was passed by the Association requesting 
the Subcommittee in Charge of the Medico-Actuarial Investigation tO 
work with the Actuarial Society to produce a table of weights which 
corresponded with the lowest mortality. We find this matter of the best 
weight a recurrent theme in the deliberations of life insurance medical 
directors and the actuaries. In 1920 Arthur llunter, the Actuary of 
the New York Life Insurance Company, spoke before the Actuarial 
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Society on the topic “Is the Aver: 
Weight and Blood Pressure?” Iis 
Weights, using the lowest mortality i 

Over the ye 


ve the Same as the Normal for 


aper contains a table of “normal” 


се. for men of ave 


B d m 


age height. 


there w 


s mounting criticism of the weight tables 


in common use in that they ignored the disadvantages of the increase 
in Weight with advancing age, as well as variations in bodily proportions 
and other factors that influence the weight of individuals, Among the 
attempts to satis 


this defieieney was the construction of desirable 


ght“ tables) for men 
ànd women by the Statistical Bureau of the Metropolitan Life Insurance 


' ч 
Company in 1042-1943. These tables apply to all adult ages 25 and 
over, 


Weight tables (originally designated “ideal we 


They are primarily based upon adjusted values of the earlier 
Standard tables. Rather arbitrary assumptions were made in devising 
these tables, because of the lack, which existed then and still exists today, 
of more exact criteria for use in constructing tables of this kind for 
Common use. The tables of desirable weight are generally adequate for 
the Purpose for which they were designed, but further study of the matter 
1S needed, 

Concern about weight standards is greater today than ever before 
because, as the germ enemies of mankind have been nearly annihilated 
and the proportion of persons surviving to middle and later life has 
Breatly increased, the chief problem in the field of health is control of 
the eardiovas 


s ular diseases which now account for the majority of deaths. 
Of particular concern are the high rates prevalent among men in their 
Productive years. Much of this represents premature degeneration, and 
to that extent, efforts to prevent or slow down the process are eminently 
Worthwhile. 

SUMMARY 


Life insurance records of body measurements on large numbers of 
men and women have been of value as the source of data for the con- 
struction of height-weight tables. Such data, collected at irregular 
Intervals, indicate that average weights. specific for height and age, were 
fairly stable over long periods except at the younger ages. More current 
data of the kind are highly desirable. 

Куеп more useful have been the studies of the relation of body 
build to mortality. The body build was characterized. principally, in 
terms of a deviation from the average weight for sex, age and height. 

he number of such studies is quite large. They include major inves- 
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tigations comprising the combined experience of all the major life 
insurance companies as well as more numerous studies of the experience 
of individual companies. The period of time covered by these various 
investigations spans the years from post-Civil War days down to the 
present. Despite the long period of time covered by the insurance inves- 
tigations and the variety of sources of the data, they have shown con- 
sistently that excess weight is associated with decreased vitality and 
longevity. Furthermore, despite changes in medical concepts and termi- 
nology, the excess mortality was found, consistently, to be due to the 
early onset and relatively rapid progression of diseases affecting the 
circulation, the excessive frequency of diabetes, in which vascular break- 
down occurs earlier than in nondiabetics, and of disorders affecting the 
liver and gall bladder. The implications of these findings with regard 
to the penalty of overweight are unmistakable. 

It is clear that the standards of weight long in vogue in this country 
and still widely used are too generous. Consequently, modification of 
these tables is overdue. A new study of life insurance experience, now 
under way, will provide the basis for new standards. 
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INTRODUCTION 


HE human fetus, lean until late in prenatal life, aceumulates fat 

üt so rapid a pace thereafter that the newborn infant is notable 
among mammals for high fat content (Widdowson 750, MeCance and 
Widdowson °51). Fat addition continues to be rapid, from birth until 
some time in the first year (Stuart el al. ^40, Reynolds 751). Thus the 
one-year old, not necessarily at his fattest. is as fat percentagewise as the 
50-year old male (Garn and Harper ^55) and in many eases far exceeds 
25% fat by weight (Garn, unpublished data). 

The unusual fatness of the human infant probably represents ап 
evolutionary adaptation to the thermoregulatory problems faced by the 
young of a glabrous wide-ranging homeotherm. While this explanation 
cannot be verified directly, it is true that adjustment to low temperatures 
is made easier by an adequate lela adiposa. Besides, there is experimental 
evidence that fat materially reduces heat loss in the infant, and thereby 
minimizes the total caloric requirements (Murlin %3, p. 645). 

А second problem relating to the infant's fat concerns its mobilization. 
availability and usage. In adults, a large proportion of the stored fat 
appears to be available when needed. For older children there 18 
evidence that the amount of fat stored is directly related to size and 
growth progress. From Czerny and Keller 28) to Bruch (789) to 
Fry (53), findings agree that fatter children tend to be somewhat taller, 
advanced in skeletal development, earlier in attaining sexual maturation, 
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dentally advanced and that they tend to exerete amounts of urinary 
17 ketosteroids above the average for their age (‘Talbot 45, Talbot, Sobel, 
MeArthur and Crawford 52). Whether the larger size and more rapid 
growth progress of obese children is attributable to * functional hyper- 
Pituitarism secondary to caloric hypernutrition." as "Talbot puts it, is 


not certain, But the demonstrable relationship between the amount of 
stored fat and size and growth progress in childhood makes the fat a 
useful indicator of the “nutritive state” at that time (cf. Batkin 715 
and later authors). 

But what is the situation in infancy? How do size and growth 
relate to the amount of fat? Here comparable data have been lacking, 
to the best of our knowledge. Though there are large individual dif- 
ferences in the amount of fat stored by infants, it is not known for 
certain whether or not these differences are paralleled by comparable 
Variations in size and growth (as in childhood), It is the purpose of 
the present study to examine this problem. 


METHODS AND MATERIALS 


The present study is based upon serial anthropometric and roentgeno- 
&rammetrie data on over 300 White infants at 1, 3, 6, 9, and 12 months. 
All were born in Southwestern Ohio, generally to Ohio-born parents 
of northwestern European ancestry. Twins and triplets and infants 
Weighing less than 2500 grams at birth were exeluded from the tabula- 
tions, as were infants with congenital defects. Acutely-ill infants and 
those recovering from illness were not included. since such individuals 
are not ordinarily brought to the Fels Institute at the time of a regularly 
Scheduled appointment (cf. Robinow “42, p. 159). The group then 
Consists of clinically healthy White infants, with the developmentally 
immature weeded out. 

Besides length (recumbent erown-heel length) and weight (nude) 
the following mensuremoiits were made on standardized antero-posterior 
Toentgenograms of the left lower leg: tibial shaft length, maximum 
Muscle breadth, and the combined medial and lateral subcutaneous fat- 
Plus-skin thicknesses, In addition to the group means, computed in the 
usual way, size increments were calculated on an individual basis, for 
ach measurement for each child. 

Tibial leneth was selected as an index of long-hone size and growth. 

his measurement was taken as the maximum extent of calcification 
Visible along s, excluding epiphyses when present (see Maresh 


the diaphys 
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and Deming °39, Maresh 43, Kelly and Reynolds 47). Though ipe 
are advantages to measuring the fibula instead of ihe tibia (Day e | 
Silverman 752, Silverman, Day and Blodi, 51) the tibia is more yer 
measured in the standardized A-P view. Ilowever, the two eer узе 
closely related though obviously not identical results (Maresh «^ 

Muscle size was measured as a simple diameter: the iau dun ч 
meter of the calf muscle shadow at right angles to the tibial shaft. н 
diameter overestimates but is highly correlated with the computed true 
cross-section area. The measurement of muscle size used by Reynolds E 
1944, namely, *the combined breadth of the two muscle masses on each 
side of the two bones” (Reynolds 44, p. 184) was not employed both 
because it underestimates the true cross-section area and because slight 
errors of rotation markedly affect the obtained diameter. Similarly the 
technique of measuring the entire lower-leg muscle area, either by cutting 
out and weighing the muscle “shadow” (Stuart et al. ’40), or by plani- 
metry (Suarez 52, p. 202) was not utilized here because the so-called 
“total muscle area” of the lower leg includes much that is not muscle. 

The subcutaneous fat thickness, measured as described by Garn (75+); 
is the sum of the two separately measured diameters, medial fat (mf) 
and lateral fat (Zf). Since sex differences in the relative size of the two 
deposits are not as marked in infancy as they are in adults (af Garn 
and Saalberg °53), combining the two values helps to minimize errors 
due to medial or lateral leg rotation. While averaged values could be 
used instead of the total reported here (mf plus If), averaging simply 
divides the total by a constant, and therefore constitutes supenfluous 
computation. 

The question of enlargement, sometimes incorrectly called <“ distor- 
tion,” has been raised in discussing radiographic measurements of this 
kind. Since the tube-to-film distance is constant and part thicknesses 
do not vary greatly, the raw measurements can be used without correction. 
Even if full corrections are made for variations in part thickness, which 
affect only the distance anode-to-median-plane, they are surprisingly 
small! In the present study the enlargement ratio averages 102% at 
1 and 3 months, and 103% at 6, 8 and 12 months. The correction 


factors are therefore 0.98 and 0.97 respectively. The difference (0.01) 
is of no practical importance in this work. 


1 The enlargement ratio is D,/D, when D, is the anode-to-film distance and Ds 
is the anode-to-median-plane distance (see Kemp, ’51). The correction factor i3 
the reciprocal of the enlargement ratio. In the present study D, is 914 mm and 
D, varies from 900 to 880 mm, depending on part thickness. 
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Throughout this paper reference is made to the leg muscle diameter 
and to the leg fat thickness. The reader is cautioned against extra- 
polating from these measurements to changes in tissue composition in 
the body as a whole. For, when all body components are in process of 
rapid change as they are in infants, a marked increase in the size of a 


TABLE 1 


Leg fat thicknesses and leg fat increments for boys and girls aged 1-12 months 


3 PERCENTILES 


AGE SEX 85 95 
1 mo. Boys 11.3 13.3 
1 mo. Girls 11.8 13.7 
3 mo. Boys 21.0 
3 mo. Girls 19.4 
6 mo. Boys 26.6 
6 mo. Girls 26.0 
9 mo. Boys 27.9 
9 mo. Girls 27.3 
12 mo, Boys 25.6 
12 mo. Girls 27.8 
FAT INCREMENT PERCENTILES 
AGE SEX 5 15 50 85 95 
1-3 mo, Boys 9° 3.7 5.7 7.4 9.3 
1-3 mo, Girls 2.8 4.2 5.7 74 8.8 
3-6 mo. Boys 0.5 4.5 7.2 9.2 
3-6mo. Girls 0.9 4Л 0.7 10.6 
6-9 mo. Boys —2.0 0.8 2.3 4.1 
6-9 mo. Girls eT 0.7 2.5 4.2 
9-12 mo. Boys اا‎ —]1.3 0.3 2.5 
9-12 mo. Girls —ай —0.9 0.8 3.5 


ic " 
2 Combined medial and lateral leg fat in mm. 
Increment in mm. 


Blven tissue layer may actually represent à decrease in the percentage 

Contribution of that tissue to the body. Similarly, failure of a measured 
tees to increase on the average “Goes not necessarily mean that the 
issue in question has failed to increase in the body as a whole. Esti- 

oo of changes in body composition have been made from the present 
ata and will be reported in a separate communication. 
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Fic. 1. Changes in the thickness of the subcutaneous fat on the lower leg 
from the 1st to the 12th month after birth. The heavy represents the median 
value, the lighter lines indicate the 5th, 20th, 80th and 95th percentiles. In both 
sexes the group trend is toward rapid accumulation of fat from the Ist to the 


6th month. 
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all 1G. 2. Fat increments during the first year of life. Up to the pee — 
to fants gain leg fat. Between the Gth and 9th month a К M ou 

СВ; the majority aresti Snine. Conversely between the 9th and the 12th 
mae a ek ае А А ‘based on individual increments, 


e majority lose fat. Compare this figure, b 


With 
the Mass-data trends shown in figure 1. 
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FINDINGS 


As shown in table 1, and pictured graphically in figure 1, the thick- 
ness of the subcutaneous fat on the lower leg increases rapidly during 
early infancy. From the first to the sixth month the median fat 
thickness doubles, rising from approximately 9.5 mm to 19.9 mm in 
both sexes. The rate of increase is 2.0 mm per month. But, between 
the sixth and the ninth month, the percentile values change but little, 
the total increase being 1.0 mm, and the rate of deposition 0.3 mm per 
month. Finally, between the ninth and the twelfth months. the median 
drops slightly both in boys and girls (table 1). At all 5 age levels 
considered the fat distributions are skewed. with the degree of skewness 
varying from month to month. Thus percentiles as employed in this 
study are more appropriate than the more commonly used means and 
standard deviations. Further, in comparing fat and lean infants the 
series is divided at the median rather than at the arithmetic mean. 

While the fat thickness percentiles given in table 1 correctly show 
the rapid increase in lower leg fat during the first half year, they 
incorrectly suggest little change in subcutaneous fat during the remainder 
of the first year of life. The fat increments, computed m an individual 
basis tell a different story. As shown in the second half of table 1, and 
in figure 2, the period 1-6 months is characterized by a general fat 
increase. But, between 6 and 9 months (when the majority of boys 
and girls are still gaining fat) a minority have begun to lose fat: the 
two trends partially balance each other and thus the median remains 
nearly constant from 6 to 9 months. Again, between 9 and 12 months, 
the majority of infants lose lower leg fat (up to 6.0 mm) while & 
minority are still gaining. "Thus fat change is considerable during the 
second half of the first year, but the changes oceur in both directions 

During the first year there are large individual differences in the 
FM of fat on the lower leg, though sex differences in thickness 
(not in percentage fat) are negligible. "The fattest 5% of infants have 
nearly twice the combined lower leg fat thickness of the leanest 5% at 
1, 3, 6, 9 and 12 months. Since individual differences in the amount 
of fat are of such a magnitude, it is of interest to determine whether 
er cer es with differences in length, in museularity, or in the 

Comparing the fatter infants (those in the third and fourth quartiles 
for fat) with the leaner infants (those in the first and second quartiles) 
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it is obvious that the former enjoy а considerable size superiority at 
one month. As shown in table 2 and again in figure 3, the fatter male 
rt average 1.3 em longer than the leaner ones; the medians for 

he two groups correspond to the 65th and the 37th percentiles, respec- 


TABLE 2 


Length and muscle size of leaner children (Qs and Qs) and fatter children 
(Q, and Q, during the first year of life 


CHOWN-HEEL LENGTH PILLAI, LENGTH LEG MUSCLE DIAMETER 


Adis Mean — Pereen- X Percen- X  Percen- 
gente NSE (mm) tile (mm) tile (mm) tile 
1 то. Boys Q, and Q,! 37 722 37 31.0 43 

Boys Q and Q,* us: зз 00. 37 54 
Girls Q, and Q, 40 71.5 30.0 42 
Р Girls Q; and 0, 564 78.6 316 6 
3mo. Boys Q, and 0, 84.3 36.2 44 
Boys Q, and Q, 85.2 53 30.6 52 
Girls Q, and Q, 47 s31 — 43 333 40 
: Girls Q, and О, 4T 84.1 57 344 58 
"шо. Boys Q, and Q; 48 97.0 42 39.5 50 
Boys Q, and Q, 55 98.5 53 39.8 53 
Girls Q, and 0, 53 95.6 48 38.2 64 
А Girls Q, and Q, 53 96.2 52 37.1 44 
9 mo, Boys Q, and Q, 41 107.0 47 43.5 55 
Boys Q, and 0, 47 107.7 51 434 53 
Girls О, and Q. 69.8 46 105.2 44 434 63 
"EU LE 56 107.1 63 40 — 4 
“mo. Boys Q, and Q, 75.7 46 116.2 44 атл 54 
Boys Ол and Q, 75.9 50 116.6 48 413 52 
GirlsQ,andQ, 740 49 ат 48 aps aT 
о Girls Q, and Q, 14.3 54 116.3 45.5 4 


ү 

Е "e 2nd second quartiles for fat. 

? Diff and fourth quartiles for fat. 

‘ Se. significant at P = .01 or better. 
rence significant at P = .05 or better. 


Similarly, the fatter female infants exceed the leaner ones by 
h and the 40th percentiles 


1 

Ses. a the medians correspond to the 56tl 

by the уз у. (Both differences are significant at the 5% level or better, 

Ton X test). But after 1 month of age comparable differences no 
Ber exist. The differences present at 3, 6. 9 and 12 months do not 
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attain statistical significance. Fat is associated with greater length 
at one month, in both sexes, but not beyond. 

What holds for erown-heel length is true for tibial shaft length as 
well, thus eliminating the possibility that the initially greater length 
of the fatter infants is due solely to fat accumulation on the sealp and 
plantar surfaces. At one month the fatter boys, those in the third and 
fourth quartiles, are significantly longer in shaft length than the leaner 
boys. The fatter girls are comparably longer than the leaner girls in 
the extent of tibial shaft calcification at 1 month. But at 3, 6, 9 and 
12 months the leaner and fatter moities are not significantly different 
from each other (table 2 and figure 4), even though a tendency toward 
slight superiority persists. 

As contrasted with crown-heel length and tibial shaft length, muscle 
diameter does not differ significantly between lean and fat one-month- 
olds. With one exception, the 9-month old girls, there are no significant 
differenees in muscle diameter between the fatter and leaner contingents 
and this single exception is in the reverse of the expected direction. 
However it should be noted in figure 6, as well as in table >, that there 
is a tendency for the leaner girls to have larger leg muscle throughout 
the second half year. Initially the fatter girls enjoy an advantage 
which is not statistically significant and is not continued. 

In general, then, the fatter infants exhibit a size superiority at one 
month, and not consistently thereafter. But the negative nature ol 
these findings must be considered in terms of the two categories “fat” 
and “lean.” With large individual differences in the tendency to gain 
or lose fat, especially during the sixth to twelfth month, it is possible 
for a child to be in the “fat” category at one age interval and not in 
another. What happens if infants initially fat, айй others initially thin 
are followed for a full year? This has been accomplished by selecting 
boys and girls initially in the first quartile and the fourth quartile 9 
the fat distribution at one month and determining their size and growth 
progress at 8, б, 9 and 12 months. я 

As shown in table 3 and figure 6 the “fattest” (Qi) and “ Jeanest’ 
(Qı) infants differ considerably at one month. Those in the fourth fat 
quartile are markedly longer than those in the first fat quartile, exag" 
gerating the trend previously noted. They also differ in muscle wid) 
though to a less considerable degree. At three months the size БЁР 
between the “initially fat” and “initially thin” infants is narrower 
At 6 months the differences are no longer significant at the рф lev" 
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and by 9 months there is crossing over in both sexes so that the initially 
thinnest boys and girls eventually have the broader museles. The two 
groups, markedly different early in life, regress toward the mean, and 
become virtually identical by the end of the first year. 

It would seem therefore that subcutaneous fat relates to length, size 
and growth progress early in postnatal life, but the advantage of being 
fat at one month, if any, fails to carry through the remainder of the 
first year. 


TABLE 3 


Comparison of mean length and muscle percentiles for initially thinner (Q1) and 
initially fatter (Q,) infants at 1, 3, 6, 9 and 12 months 


MUSCLE PERCEN TILES 


CROWN-HEE! 


AGE SEX 0, Q T 0, Q oOo 
1 шо. Boys 37.1 4.6 36.7 510 22 
1mo. Girls 31.0 624 42 324 — 503 30 
3 mo. Boys 41.1 62.0 2.0 51.8 54.5 0.4 
3 mo. Girls 348 545 24 394 47.8 10 
6 mo. Boys 52.5 58.6 1.1 49.4 48.2 0.1 
6mo. Girls 36.6 505 16 з 578 — 15 
9mo. Boys 5 0.3 537 4388 10 
9mo. Girls 39.1 47.8 11 47.3 421 06 
12 mo. Boys 55.2 53.0 0.3 51.7 у OE 
12mo. Girls 40.1 47.8 0.9 453 48.3 02 


* For values for N represented in this table, the .05, .02 and .01 confidence 
limits correspond to ¢ values of 2.1, 2.5 and 2.8 respectively. 


DISCUSSION 


The findings in the present study indicate that, with the exception 
of the first month of prenatal life, there is little demonstrable relation" 
ship between the amount of subcutaneous fat on the leg and the size 
and growth progress of the infant. Though there are large individual 
differences in relative fatness during the first year, and the more obese 
infants have more than twice the fat thickness of the leanest, the fatter 
infants are not uniformly longer or more robust and the leaner infant 
are not shorter or of more delicate growth. Tf body size (as apart from 


: ‘ pi- 
weight) and growth progress are used as operational measures of nut 


PERCENTILE 


AGE 


PERCENTILE 


| 5 6 9 12 
AGE 


Fig. 6, i У " = — 
1. б. “Л. ё aris f twe 5 h 
Marti] Longitudinal comparison 9 at distribution at one month 
e (Q,) and th in the 4th quartile Ж à е : 
Q.). The in d ar 1 епу longer and broader-museled. 
- The initially xt infants are initially long 1 end 
ally fattest infants are 3 B aaa " d 
ү" the two groups converge. The differences are not statistically P und 
‚е middle of the first увах, and there is some evidence that the 1 y lea 
ants develop more muscle. 


» groups of infants, those in the first 


of the f 
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tional status in healthy infants, then the amount of subcutaneous fat 
proves to be an uninformative index of the state of nutrition. 

Moreover, the appreciably larger size of the fatter boys and girls at 
one month need not be attributed to a specifie dynamic action of fat. 
Rather, analysis of the growth records of these fatter young infants 
show them to have been advanced, developmentally, at birth. The boys 
and girls in the fourth quartile for fat at one month weighed much more 
at birth (3.77 + .07kg and 3.62 + .08 kg) than did the boys and girls 
in the first fat quartile at one month (birth weight 3.17 = .08 and 
2.92 + .07 kg respectively). In other words the apparent relationship 
between fatness and size at one month, is due to the persistence at that 
early age of differences in size and fat content at birth. But despite 
this “head start” the initially fatter infants do not maintain their 
size superiority, and by the middle of the first year, group differences 
virtually disappear. 

There remains, of course, the problem of why the subcutaneous fat 
behaves as it does during early infancy, and this problem includes both 
the rapid accumulation of fat at a time when energy requirements for 
growth are at their maximum, and the seeming failure of the stored 
fat to contribute to the general motion of growth. Though it is true 
that the infantile accumulation of fat represents a temporal continuation 
of a trend started during late uterine life, reiterating this observation 
provides no further insight into the mechanisms involved. Similarly; 
the truism that fat represents the difference between energy input and 
energy output does not explain how appetite and growth are synchronized 
to facilitate the rapid accumulation and deposition of fat during early 
infancy. 

It should be noted that milk, which even in these days remains the 
major source of calories for the infant, is in effect a high-fat food. 
Depending on breed differences, cow's milk provides up to 60% of its 
calories in the form of fat, while human milk—slightly lower in fat— 
provides up to 50% of the available calories in this form.? Since high 
fat diets providing approximately 60% of the calories in the form of 
fat are capable of inducing massive obesity in experimental animals 
(Mickelsen e! al., 55) the similarity between milk and such high-fat 
diets should be observed. And further, there is the possibly relevant 
fact that in our material, the age at which infants often begin to lose 


2 Calculated from table 1 and page 20 in Bowes and Church (’51)- 
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fat is the age at which milk begins to play a decreasing role as the major 
Source of calories. 

Again, there may be a hormonal explanation for the fat gain in 
early infancy. Without going into the question of a * pyknophilic ? 
hormone, or such a secretion as “adipokinin I or adipokinin IT” (ef. 
Weil et al., ^47) there is at least one parallel where rapid fat addition 
has an hormonal basis. This is during adolescence in the female, where 
Subcutaneous fat is greatly increased (Reynolds 50). Here, as in the 
replacement therapy of the female with ovarian agenesis, feminizing 
hormones do serve to direct the mobilization and deposition of fat. It 
шау well be that hormones like cortisone (which promotes fat deposi- 
tion) are both responsible for the rapid fat accumulation during infancy, 
and for individual differences in the amount of fat added during the 
first few months of life. А 

There is no question that the amount of fat does relate to size and 
Stowth progress and therefore to “nutritional status ” during childhood. 

gain in the adult, fat and health are related, though now fat — 
negatively related to longevity. Seemingly it is in transitional устоз 
at fat appears to be a less useful measure of nutrition partly because 
at such times the implications of a given amount of fat depend upon 
Ne level of maturity attained. ‘Ten millimeters of trochanteric = 
May be indicative of obesity (in a late maturing 12 year old cm n 
a ternatively, it may represent leanness (in a sexually n x 
ilt age). Similarly at one month of age, 10 саса 
орау о ite сона advanced babies and generous А 
younger infants. : 
he ТЕШ ынна in the present study are not those pes — 
a Based on previous experience with children ipie (53) 
; Pecially the “fat-pad” group reported by Fry ( 53) an ete dis- 

Seemed logical that fatter babies would be appreciably — ї 
ety more robust and developmentally well ahead. But this p ий 
à ° case, in normal healthy infants. In such infants, wig eh 
ie = disturbance or avoidable vitamin lack, = ч таптаан 

Y related to size and growth progress. Under thes 


to 


tin, 


Ы im i sition of 
fat The possibility of a neural mechanism affecting the differential deposition 


$ і ral motor 
on the lower limbs during infaney should be considered. Unilateral m 


e Ps s : 5 
dnt Paralysis does cause unilaterally increased fat deposition 1n paralytie 


Д G ati easing motor nerve 
acti Теп (Garn and Silverman, ’55), but the inference that increasing 
vi 


ity causes loss of leg fat is still premature. 
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and within the restriction noted, it seems apt to repeat Batkin’s (716, 
р. 122) comment made 40 years ago, “We have no right yet to equate 
the thickness of the fat blanket with the state of nutrition: it is dubious 
whether we will have at some future time." 


SUMMARY 


1. The relationship between the thickness of the subcutaneous fat 
on the left lower leg, and size and growth progress in infancy was inves- 
tigated in over 300 clinically healthy, presumably full-term infants at 
1, 3, 6, 9 and 12 months of age. 

9. As previously reported, subcutaneous tat increased rapidly in all 
infants from 1 to 6 months, doubling in median thickness. Thereafter, 
the tendency for some infants to gain fat while others were losing fat 
led to the appearance of stability as reflected by the “norms.” 

3. Comparing lean and fat infants, the latter were significantly 
longer at one month, but not thereafter. The same general trend was 
observed in tibial shaft length (extent of calcification along the dia- 
physis), whereas for muscle breadth the two groups did not show any 
consistent difference. 

4. The initially leanest and intially fattest infants were markedly 
different at one month, but tended to converge and become indistin- 
guishable thereafter. 

5. The early and transient size superiority of the fatter inlants at 
опе month was shown to be a holdover from their superior size and 
developmental advancement at birth. 

6. There was no evidence that the fatter infants were consistently 
more robust or faster growing, thereby questioning the use of subcu- 


taneous fat as а measure of nutritional status in healthy infants during 
the first year of life. 


7. Attention was drawn to the rapid accumulation of subcutaneous 
fat during the first part of the first year and the lack of satisfactory 
explanations for this phenomenon. The possible influences of high fat 
diet (which milk is) and of hormones directing the deposition of sub- 
surface fat were considered. 

8. In view of these findings, it was questioned whether—unlike 
childhood where fat and growth progress are related—the amount of 
subcutaneous fat can be used ах a measure of nutritive status in othe? 
wise healthy infants. 
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COMMENTS 


Werner Kornfeld (New York Medical College, New York) made 
the following comment: 


жы н anthropometry in children cannot be separated from a 
Dial eec appraisal of body build and physical development. Dit- 
я methods have to be applied in mass surveys, 11 research projects, 
and in pediatric practice. For different age groups different measure- 
ments have to be selected as minimum requirements. Out of a larger 
E measurements which were used in studies made on children in 
1954) (Oesterreichische Zeitschrift für Kinderheilkunde, 10:71, 
the following measurements were selected as minimum require- 
ep for the characterization of body build and physical development 
ants: body length, stem length, body weight, head circumference, 
шй chest circumference at two different levels (supramamillary and 
Xiphoid), The advantage of taking these two measurements of chest 
circumference has been explained in an earlier publication (Journal 
T Pediatrics 42:715, 1953). A method of graphic illustration of the 
Ta features of body build based upon these measurements (“2/3 pase 
e method ”) has been described (Journal of the Newark Beth Israel 
Hospital, Newark, N. J. 6:199, 1955). 
In older children, after the fifth year of life, head circumference 
ау be omitted. To characterize further the relation between longitu- 
dinal growth and circumferential growth in older children, inclusion of 
Wrist circumference and of hand length are suggested. 
Р For the special purpose of studying the soft tissue distribution the 
ollowing measurements were used: cireumference of forearm, arm and 
calf; skinfold measurements on the chest (infraclavieular), on the abdo- 
men (lateral from the umbilicus), and on the back (medial from the 
€. [si eiae scapula). І Another р терет pen 
in the cheeks, was obtained 1n he g ner: 
anthropometric calipers were used to measure the bizygomatie diameter 
(over symmetrical points of the most prominent part of the zygomatic 
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arch), first without any pressure, avoiding any indentation of the skin, 
and then with moderate pressure towards the underlying bone structure. 
The difference between these two measurements gave а measure of the 
compressible or displaceable amount of subcutaneous masses in this 
region. It ean be shown that this measurement follows rules in the 
normal development as well as in pathologie deviations which are different 
from those which govern the behavior of the skinfold measurements in the 
three regions mentioned above. Mean values obtained in different age 
groups for skinfolds and for soft tissue masses on the cheeks, and graphs 
demonstrating characteristics of soft tissue distributions in different age 
groups, are being prepared for publication in the near future. 


R. F. A. Dean (Medical Research Council, Kampala, Uganda) referred 
to the studies of growth and development that are in progress in 
European and African countries, under the auspices of the International 
Children's Center in Paris, with support from the World Health Or- 
ganization. The studies, which include somatotyping and anthropological 
measurements by the photographie method, all use the same techniques, 
so that the information obtained at the various centers may be truly 
comparable. 

In Uganda, it has been found that the use of standards obtained 
from child populations in the U. S. A. and in European countries cannot 
be used on the African community without many reservations. There 
appears to be a different pattern of development in the African child: 
his height/weight ratio does not change in the вате way as that of the 
U. S. child, and his bone age (as shown by x-ray examination of the 
hand) may, at early ages, be in advance, and not retarded as might be 
expected. "The advance is paralleled by a precocity of psycho-motor 
development, and may be related to the early precise use of the hand 
and fingers. 

Although there may һе a dominant genetic control of the pattern of 
growth, as well as genetic control of final stature, there is undoubtedly 
some variation imposed by the plane of nutrition. The exact impor- 
tance of nutrition is uncertain: it is being studied in Kampala, where 
a serious degree of under-nutrition may be present in a high proportion 
of children. Similar work would be difficult in the U. S., but there it 
should be possible to study different racial groups, to determine whether 
or not the development of the children in these groups follows the usual 
U. S. pattern. 


ALLOMETRIC GROWTH OF BODY COMPOSITION 
IN MAN AND OTHER MAMMALS 
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Adolescent. Unit, Children's Hospital and the Forsyth Dental Infirmary 


for Children, Boston, Massachusetts 


A important development in the recent study of human biology 
and ad ш the measurement of body composition ш he living, 
the com Өйгө in this field is now voluminous. Enough is known о! 
e cre ol young Ameriean White men to permit the tentative 
9p n of a “reference man ” of average weight for stature, and aged 
hias уз апа Brožek, ^53). The composition of OME and 
аа, (— is less fully known, and the present paper 18 467 
к. attempt to work out developmental trends in a few body 
i uents in both sexes. 
бр "up techniques of measurement | de^ 
and the ita include the determination of density 3 : came 
substan GEES of body water content by the сн, 9 
ef. ong - the blood and other fluid compartments (^ пун тоте y 
on one = ki 54). \ hen both water content and density ав р 
арро ceasion, the fat content of the organism сап һе түр wi n 
байды, riate allowance for varying hydration, which may be an appre- 
ў ensitometry alone. 
з er content of man shows 
Considerable individual variation. This variation is roughly the inverse 
ssue contains far less water than 
even with reference to the 
ok шщ inati indi " ec 
Uneert ation makes the determination of the individu ree wely 
ater alone, but such errors are less critical 


he ain from the weight of wi 
n gr mibi i А 
group trends are calculated on reasonably normal subjects. Finally, 


‘Ne errors PE: ; 
rors of measurement themselves are fairly large in at least some 


of th 
le Curr Е > 
current hydrometrie techniques. 


in the study of body com- 
densitometry ”), 


e of error in measuring fat from d 
ith reference to total body weight, the wat 


of body р à 
ody fat content because adipose ti 
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fatet the remainder of the organism. But 
free wato Я E pope - 
¢ weight, hydration shows some variation 1 
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Despite these difficulties with the hydrometrie method, it is a logical 
starting point in extending ihe measurement of body composition in 
the living from men to women and ehildren. "The findings from this 
initial attempt can later be compared to those based on other known 
methods in this field. This array of analytical procedures might include 
such diverse measures of fat as the dilution of fat-soluble indicators, 
densitometry, and skinfold thicknesses. Determinations of fat, muscle 
and bone are possible from radiographs, and perhaps significant rela- 
tionships between these tissues and metabolism can be established. 

Underlying any secure methodology in the study of body composition 
is the chemical analysis of carcasses, whether growth studies are con- 
templated, or work on mature individuals. Some of the trends in the 
chemical growth of the animal body have been known since the pioneering 
work of von Bezold (1857), but much of the precise knowledge in this 
field is recent. For a few species of mammals, carcass analyses are 
numerous from the fetal period to maturity (Needham, ^42). For man, 
however, although many analyses have been published of fetuses and 
stillborn neonates, few such studies are available on older individuals. 
Not much further progress on man can be expected unless this lack of 


data is overcome, or unless close analogies are demonstrated between 
lower mammals and the human species. Still another difficulty with 


human data is that the analyses have been based mainly on individuals 
who have died in a poor state of health, while the animal studies usually 
have been done on more normal specimens. 

Despite the inherent limitations in the present study, we shall attempt 
to calculate normal growth trends of fat, water, and the aggregate of 
solids in the fat-free body (including minerals). Total non-fat solids 
plus water equal the fat-free body weight. “ Extractable ” fat is then 
the difference between total body weight and fat-free weight. 

In his studies of the growth of the fat-free mammalian body; Mou 
(23) enunciated the concept of “chemical maturity." This phrase rele) 
to the attainment of mature concentrations of water, protein and ash 1? 
the fat-free mass of the young animal. But as Spray and Widdowso” 
(750) have demonstrated, not all chemical constituents of the fat-free 
body attain their mature concentrations at the same chronological 88° 
A more limited concept, to be used here, is the attainment of the young 
adult concentration of water in the juvenile fat-free body. One mig” 
speak of this stage as “aqueous maturity,” or as we have done, « mature 
hydration.” 


]ton 
fers 


ALLOMETRIC GROWTH IN MAN AND OTHER MAMMALS 255 


Жз wa a um is ы ta. dc 
standard, 70.9% of the f th "p Я are Pu * di (533. In this 
uides A | i | зе at-free ody weight is water. The importance 
tb ellen x [ - atiam age of mature hydration in the male is that 
Sites * ls Nw i limit above which the prediction of other body con- 
"ia p ini water can be done by equations now available for young 
. A parallel argument would apply to girls if a “reference woman ? 
could be defined. ` 
a اکچ سی ومن‎ estimate the developmental changes in the 
diro ims the fat-free body in children younger than the age of 
ADER Much of the present paper is concerned with this 
parable pom р — trends cannot be measured directly in man, com- 
liis оп m ams utilized [rom lower mammals These estimations are 
ıe principle of relative growth or allometry. 


THE ALLOMETRIC METHOD 


The f ’ 
he fundamental principles of allometry are to be found particularly 
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of x, while when Ё <1, the reverse is true. Where k1, the b coefti- 
cient is simply a suitable multiplier without any obvious biological 
significance. 

Simpson (753) has characterized the abundant literature on allo- 
metry. ln paleontological studies, allometrie equations may describe 
alterations of size and shape in an evolutionary lineage of organisms 
(lineage allomorphosis). Comparisons are also possible, without regard 
for time, among contemporaneous members of separate but related genera 
or species of animals such as the living anthropoid apes (Giles, ^56). 
Within one species, one set of equations may fit the growth of immature 
individuals within empirically determined limits of size (heterauxesis), 
and another set may apply to the differences between small and large 
adults (individual allomorphosis). 

Huxley (32) showed that stable allometric relationships between the 
sizes of most body parts are often found in animal growth after the end 
of the embryonic period, when the major organs and tissues have become 
recognizable. The compilations of Huxley, and also of Needham (42) 
indieate that it is generally more risky to extrapolate fetal allometric 
curves back into the embryonie period than forward into later growth. 

The first applications of allometry to human growth were mainly 
based on fetal carcass analyses. Iob and Swanson (738) caleulated Ё 
values for a number of chemical constituents. Hamilton (36) worked 
out a k coefficient for water and total dry substance (including fat) in 
the human fetus, and extrapolated his curve to the adult stage in order 
to estimate the water content of mature and aging human individuals. 
Needham (^42) published a large table in which water and dry substance 
were translated into allometrie equations for many animal species, 
including man. His X coefficient for man applies from the fetal period 
to an adult weight of 66,000 g. 

By combining data on fetal carcasses, living children and young 
adults, Forbes (52a. 52b) found that the potassium and sodium CO?" 
centrations of body fluids maintain allometrie relationships with total 
body weight in older fetuses, children, and young adults. Forbes himself, 
and later Cheek (754), found further allometric equations relating the 
chloride concentrations of body fluids and total body weight. The values 
of k for sodium and chloride are similar enough to suggest that ap 
allometric “desalting” of the body occurs during growth. This loss; 
in turn, seems to indicate that the percentage of extracellular fluid in 
the human body correspondingly decreases. 
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ane (52a) has also computed two allometric equations relating 
^ 3 к г and Бари body weight. One applies to younger fetuses up 
wee к: ге st 373 g, and the other extends from 490 g to the mature 
ће £ of 84,800 g In this instance, however, his results suffer from 

act that the weight of the body is largely water, so that one variable 
When the incorporated 


in b 2 AD. 
oth equations is incorporated into the other. 
sions are 


a irn аз potassium yersus body weight, the conclu 
the енини, But if the variable is large, as is true for water, 
ese a 1 T method produces an artificially high correlation between 
dins i 98 y. The overlap of the two variables will also tend to 
thes Б d jd important allometric relationships by necessarily inducing 
Murra iat icient to approximate unity, as pointed out by Reeve and 

ау (^42). 


tot ngl the present study, this difficulty is met by separating water from 
al fat-free solids, and using them as the two variables in the allometric 


E ua i 5 1 1 H а H H H 
E tions, This separation is intended to result in a biologically more 
un Ё 7999 " STES : К 
ingful formulation of their interrelationships. 
ALLOMETRY OF WATER AND SOLIDS IN HUMAN FETUS 


Alt on N . К 
Ithough recent compilations of human fetal carcass analyses (such 


үз n et al., 51) contain considerable numbers of specimens, many 
stud se fetuses had to be eliminated for various reasons from the present 
Bier? pos additional specimens were included from Widdowson and 
Suit (51). The fetuses accepted for study here узе all weighed 
wr then dried in a low iemperature oven. The — 
equals + the original wet weight of the specimen and its dry weight 
under, otal body water (in grams). The dry specimen must then have 
Weight mi fat extraction, so that fat-free solids in grams represent dry 
TI р the weight of fat removed. E: | | 
Fehli he sources of data included 15 male and 6 female fetuses from 
ә ng (1877), three males and three females from Camerer (7002, 00b, 
), опе male each from Brubacher (1890) and Sommerfeld (700), and 
amos and 6 females from Widdowson and Spray (51). „teen 
One fr of unstated sex were used from Tob and Swanson (734), and 
sap Langstein and Edelstein (717). А | 
ell estimated menstrual age range of the specimens (chiefly from 
Yan, »» D 51) was from 3.6 lunar months to term. Male body weights 
ж d from 36.5 to 4,375 g, female weights from 156.8 to 3,767 g, and 
etuses of unstated sex the range was from 59.4 to 2,913 8. 
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The allometrie calculations were performed on an individual basis, 
by the method of least squares. Separate equations are presented for 
males, specimens of unstated sex, females, and for the total series. Аз 
shown in table 1, these equations are based on highly correlated logarith- 
mie variables. and are therefore indicative of true allometric relationships. 


TABLE 1 


Allometry of water and fat-free solids in human fetuses 


GROUP gr EQUATION бз L^ T pags’ Vor MO 
(1) Males 40 log S= 1.251 log H,O — 1.509 0.399 0.025 0943 
(2) Sex unstated 14 log S = 1.254 log П.О — 1.506 0.159 0.029 9969 
(3) Females 15 log = 1.275 log H,O — 1.581 0.070 0.013 9993 
(4) Totalseries 59 log S = 1.255 log H,O — 1.518 0.436 0.016 9958 


t test of significance of difference between male and female & coefficients: 
t = 0.53 p> .05. 


Finney (738) devised a statistical test, in the form of a critical ratio, 
which is a measure of the significance of the observed deviation of Е 
from a value of /—=1. АП of the fetal values of & shown in table 1 
are very significantly greater than unity; p in all cases is less than 1 
in 1,000 except in (2), where p < .01. 

The males and specimens of unstated sex show practicall 
equations: the females show higher absolute values of / and b. 
agreement of the first two equations suggested that the female 
might be a sampling deviation, and a test of significance was applied 
to the k ratios of the males and females (Simpson and Roe. 739). 
The difference was not significant, and consequently the equation for 
the total series is considered to be applicable to fetuses of either sex- 


y identical 
ү The 


result 


REFERENCE STANDARDS 
rds 


Data at hand for the formulation of neonatal reference standa | 
e 


are not abundant. Widdowson and Spray (51) analyzed three ma 
specimens ranging in weight from 3,105 g to 4,375 р, and three fema es 
ranging from 3,050 to 3,767 g. These authors defined a single reference 
standard for both sexes, weighing 3,500 р, and containing 1496 fat, 
71.550 water, and 14.5% solids. 


Our interpretation of these same raw data is that the male and 
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female reference neonates should be alike in composition, but the 
female should be lighter in total body weight. 

In arriving at mean reference weights for newborn American boys 
and girls, a grand mean for each sex was obtained from the separate 
means of 4 recent growth studies. The sources used were Vickers and 
Stuart (43) for a group of Boston children, Bayley and Davis (35) 
for a sample from Berkeley, California, Sontag and Reynolds (45) 
for a series from central Ohio, and Boyd (41) for a sample from 
Minnesota. The reference male neonatal weight is 3,550 g, and that 
of the female is 3,350. Both contain 149 of fat as recommended by 
Widdowson and Spray (51). 

The allometrie equation for the total fetal series indicates that a fat- 
free body weighing 3,053 g should contain 2,196 g of water (70.3 % of 
total body weight), and 557 g of solids (15.7%). These аге accordingly 
the concentrations of water and solids in the male reference neonate. 

For the female neonate, with a fat-free body of 2,881 g, the water 
Content should be 2,362 g (70.5% of total body weight), and solids 
519 E (15.5%). А 

Compared to the standard of Widdowson and Spray, the water con- 
tents of these reference neonates are perhaps 1% too low, and raise the 
Possibility that dehydration of the fetal body before analysis (especially 
in the smaller specimens) is a systematie source of error in the equations. 
Tamilton (^36) had similar suspicions regarding his own equation, based 
On some of the fetuses used here (those of Iob and Swanson, 834). The 
Present. computations do verify, however, that the two sexes are probably 
alike in their composition of fat, total solids and water at birth. 

The next step was to define a “reference woman ” of age 25 years 
i Compare with the reference man. Such a definition is somewhat 
Suspect because of a scarcity of suitable data on the body composition 
9f women, One possible reference body weight would be the ee @ 
516 abundantly fed young U. S. Army women from World War п 
(Randall апа Munro, ^19) at 59.8 kg, but in deference to civilian female 
Sensibilities we have used the slightly lighter 58 kg, which is closer to 
he female mean “ standard weight” for age 25, according to the Medico- 

ctuarial Standards of 1912. This choice is also consistent with the 
Weight of the reference man, which is 70.6 kg, and which was similarly 
chosen from the 1912 tables (Keys and Brožek, 53). 0 7 

From measurements of specific gravity in the living. Skerlj, BroZek 

апа Hunt (53) estimated that the mean fat content of 23 young women 
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aged 18-30 years was 26.2% of hody weight. Since the true mean 
standard weight of these women (relative to the Medico-Actuarial 
Standards) was 94.13%, the average young woman at the full standard 
weight is probably more adipose. A choice of 28% of fat for the 
reference woman seems more reasonable. 

Since the two sexes are alike at birth in average composition, but 
the female is lighter in weight, it is of theoretical interest to construct 
the reference woman as though she, too, had essentially the same com- 
position as the reference man, but with considerably more adipose tissue. 
Such a definition would make possible the use of existing adult male 
equations for body composition in the female as though she were 4 
small, relatively adipose man. Somewhat analogous reasoning under- 
lies the use of the same equations for both sexes in predicting total body 
fat from specific gravity or density. 

In the computations which follow, the excess adiposity of the female 
will be interpreted as equivalent to the so-called * obesity tissue ” gained 
or lost during moderate changes of weight in men (Keys, Anderson and 
Brožek, %55). Аз characterized by a combination of measurements ol 
body density and body water, obesity tissue consists of 62% fat, 81% 
water, and 7% cell solids. The residual composition of the reference 
woman is that of the reference шап: 14 % fat, 61% water, and 25% non- 
fat solids. (Non-fat solids consist of 19% cell solids and 6% bone 
mineral.) 

As previously defined, the total body weight of the reference woman 
is the sum of the obesity tissue and residual composition, or 58,000 8° 
Twenty-eight per cent of this aggregate is fat, or 16,240 g. 

Let Q=1% of the added obesity tissue 
and C — 196 of the residual composition. 

We solve the following two simultaneous equations to find Q and e 

Weight of reference Woman — 58,000 g — 1000 + 100€ 

Fat of reference woman — 16,240 g— 62Q-L 14C. 
These equations yield Q — 169.17 g, and C = 410.83 g. 


We then construct the reference woman by applying the appropriate 
multipliers : : 


OBESITY RESIDUAL REFERENCE TOTAL 
CONSTITUENT TISSUE COMPOSITION (GRAMS) 
Fat 620 + 140 = 16,240 
Water 310 + 61C = 30,305 
Solids 70 + 56 z 11,455 
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In percentages of total body weight, the reference woman contains 
28% fat, 19.7% non-fat solids, and 52.39 water. The agreement of 
this water content with averages in the literature for young women of 
representative average weights seems to support the preceding formula- 
lion: ie., Forbes (52a) gives 51.99 as a mean for 11 women under 
35 years of age. Edelman et al. (752) give 51.556 for 19 women with 
а mean age of 23.8 years. 

On a fat-free basis, the reference woman contains slightly more water 
than the reference man: i. e., 72.6% as opposed to his 70.9%. These 
two values are used to define the mature hydration of male and female 
children in the caleulations later in this paper. 


PETAL ALLOMETRY OF WATER AND SOLIDS IN LOWER MAMMALS 


__ In man, the data of Needham (’42), Hamilton (86) and Forbes 
(32a) indicate that total body water maintains an allometric relation- 
Ship with total body weight or with total dry substance from the fetal 
Period to the adult. But where water is related to fat-free solids, it is 
Well to attempt new calculations. In a few lower mammals, for example, 
“arcass analyses are plentiful enough so that separate allometric equa- 
tions can be computed for the fetal period and for postnatal growth. 

his Separation is not only a test of discontinuities at birth but may 
also suggest what kind of postnatal equation for solids and water might 
be applied to man, for whom no suitable carcass analyses are available. 

Unfortunately, most of the fetal allometric calculations of Needham 
(42) are based on studies where the specimens were dehydrated to 
determine dry weight, but were not subjected to fat extraction. A fetal 
equation so calculated will not be seriously in error if it is based on 
fairly immature fetuses, which in all mammals are practically fat-free, 
Or on the whole fetal period in species where the newborn is virtually 
fat-free, 

: One such study was carried out in the pig. Wilkerson and Gortner 
(32) performed carcass analyses of 1,55? embryonie and fetal pigs, 
ranging in weight in various age groups from 0.8 to 725 g. А. 
Consider these “solids” to be equivalent to our © fat-free solids. 
Needham (42) calculated an allometric Ё coefficient, predicting solids 
Tom water for this series, and its value was 1.07. І | 

In the rat, which contains only about 1% of fat at birth, Hamilton 
and Dewar (38) performed analyses of 585 fetuses, ranging from the 
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14th day of gestation to term at 21 days. Water and dry substance in 
this instance showed an excellent allometric relationship, with the cor- 
relation between the logarithms of the two variables being —+.9999. 
Predicting water from dry substance, these authors obtained a k of 
0.875. The reciprocal of this coefficient, which is very nearly correct 
when the correlation is so high, is the prediction of solids from water. 
By this transformation, k= 1.14. 

Our human fetal # coefficients were considerably higher. Relative 
to man’s prenatal accumulation of body water, his “solidification” is 
striking. This trend is doubtless related to the consistently low water 
content and abundance of bone in the human fat-free body. "his abun- 
dance of bone, in turn, probably aecounts for the comparatively high 
concentrations of calcium, phosphorus, and sodium in the human fat- 
free body (Spray and Widdowson, 750). 


POSTNATAL GROWTIL OF BODY CONSTITUENTS 


For comparison with the fetal coeficients for the rat and pig, and 
in order to explore more fully the postnatal allometry of water and 
solids in the fat-free mammalian body, data were taken from a recent 
synthesis of postnatal growth trends by Spray and Widdowson (750). 
The carcass analyses most fully described in their paper are for the rat 
(black and white Hooded strain), pig (hybrids of Wessex and Large 
White in varying genetic proportions), and the rabbit and cat. 

For two of these species (rat and rabbit), the series were large 
enough to permit separate studies of males and females. In both species, 
the sexes at birth were similar in mean fat, water and total solids, but 
the females were slightly lighter in weight. The human reference 
standards described previously were constructed in a similar manner. 

First to be considered in the postnatal growth of these lower mammals 
is the fat content of the body. In all of the species studied, fat rapidly 
accumulates during the suckling period. After the end of weaning, the 
rat shows a temporary slackening in this rate of increase, but the other 
species show a true loss of fat relative to total body weight. This 
relative loss is reversed just before or during adolescence, and a relative 
accumulation sets in. The rat is peculiar in losing fat late in adoles- 
cence: the other species continue to show some increases. In the rat 
and rabbit, where the two sexes were studied separately, the female body 
does not contain more fat than that of the male until after puberty. 
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By comparison with most other mammals, man is unusually adipose 
" birth, but he, too, fattens considerably during the suckling period. 
omae Vibe rh ا‎ hse measured tie thickness of the medial and 
й TS skin and subcutaneous tissue in the calf of the leg from 
radiographs of children followed serially for a number of years. These 
thicknesses attain an early maximum at 9 months of age which seems to 
correspond to the maxima of total body fat seen at weaning in the pig, 
boa and eat. After 9 months of age, these adipose layers become 
hinner at a decreasing rate until after the age of three years, remain 
about. constant from 53 to 11, and thicken again thereafter. 
"s еар however, to estimate the total body fat content of children 
ch measurements—particularly in the calf of the leg. As 
Reynolds (52) has demonstrated, the subcutaneous layer undergoes 
considerable changes in distribution prior to adolescence. In general, 
eee are in the direction of a considerable relative 1 
‘ness on the distal segments of the limbs, smaller losses on the 
Proximal segments, and accumulation on the trunk. This redistribution 
one sas the reconstruction of a clear picture of trends in total body 
m any localized radiographie measurements of the subcutaneous 
р in man. 


In addition, if the subcutaneous layer maintains a col 
the percentage of adipose tissue 


oss of 


astant thickness 


ma limb which is growing in girth, 
In this region must be decreasing. 
oo study now being prepared for publication, Mr. Paul T. Baker, 
as Sgen Nn ani one of us (Hunt) Виж нна lun me: MI 
ss-section of the brachium from measurements of radiographic 
shadows of children and young adults. The tissues measured have 
included marrow cavity, compact bone, muscle and adipose tissue at a 
pens midway from acromion to olecranon. The age range of the indi- 
viduals studied was from 6 years to young adults. 
In boys, the precentage ‘of adipose tissue at mid-brachium decreases 
constantly during this age span. In girls, the decrease ends at about 
12 years, and in adolescence a slight increase occurs. The steady decline 
adiposity in the male arm is unusual compared to total body fat in 
other known mammals. The trend in girls, however, resembles those 
se the pig and rabbit, whose total body fat shows relative decreases 
id adolescence, and slight increases thereafter. There is no certainty 
Owever, that the adipose trends in the human brachium really corre- 
Spond with those of total body fat. 
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eo Б 
subcutaneous layers of the leg than do boys (Stuart and Sobel, ^46). 
The female rat and rabbit, however, do not show a sex difference in total 
body fat until puberty. 

In turning from fat io water and solids, the data of Spray and 
Widdowson (750) portray the postnatal relative decrease of water in the 
fat-free body of several lower mammals. In the rat and rabbit, both 
species reach puberty at about the middle of their postnatal span of 
growth, and mature hydration soon afterward. We have calculated that 
at mature hydration, the rat is at about 7546 of its adult weight, and 
the rabbit at 85%. The pig has a very early puberty, but like the other 
species, reaches mature hydration about halfway through its postnatal 
growth span. Its weight at mature hydration is about 759 of the adult 
value. The cat, however, is unusual in attaining mature hydration not 
long after weaning, and puberty near the end of its growth, At mature 
hydration, this animal is at only 60% of its adult weight. 

If man shows any resemblance to these species, we should expect 
him to attain mature hydration at the latest toward the middle of his 
postnatal time span of growth, and at a weight of between 60 and 85% 
of the adult value. 

There remains the question of whether water and solids maintain 
strict allometry in their postnatal growth in lower mammals, at a time 
when fat undergoes quite different rates of accumulation or relative 108 
from one species to another. To examine this question, a series of allo- 
metrie equations was computed by the method of least squares, using 
data on water and solids from the tables and charts of Spray and 
Widdowson (550). Only ages below the probable time of mature hydra- 
tion were included. 

Since means of several age samples were used for each species ins 
of individual specimens, the correlations between log solids and log 
water are higher than they would be otherwise, and individual standard 
errors of estimate of solids from water cannot properly be given. The 
weights of both constituents are in grams. 

Table 2 shows that all species exhibit a postnatal allometry 
and solids up to the age of mature hydration, despite their di 
relative accumulations and losses of fat. These findings are highly sug- 
gestive of a comparable allometrie pattern during human postnata 


As early as one year of age, girls tend to show more thickness of the 


tead 


of water 
fferent 


growth. 
In the rat and rabbit, where separate curves were calculated for 
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а as females, the females showed higher absolute values of the & 
жа moran Especially in the rat, the female reaches mature 
files iT than the male. A hint of such a sex difference was 
T dbi : ih the human fetal equations for males and females, but was 
ES À c хай further consideration because the divergence was far 
pproaching statistical significance. 
In the pig and rat. where comparisons are possible between prenatal 


TABLE 2 


Po " 
ostuatal allometry of water and fat-free solids to time of mature hydration 


in lower mammals 


SPECIES rae : AGE RANGE | | | 
- SPN. N (DAYS) EQUATION à 
^ x Male 76 — 0-120 — log = 1.24 log H,O — 1.00 9994 
(7) — : Female 73 0- 80 — log = 1.25 log H,O — 0.96 9998 
fy. Tea it Маш 22 0-250 logs = 1.14 log H.O — 0.94 9933 
(9) a Female 21 0-230 — log = 1.18 log H,O — 1.05 9967 
(10) n Both 1% 0-126 — logs = 1.18 log H,O — 1.02 | 9990 
i Both 37 — 0-251 — log S = 1.10 log H,O — 1.03 9095 


and Postnatal values of A, the postnatal coefficients are higher. ‘The 


Increase in the pig is from 1.07 to 1.10, and in the rat, from 1.14 to 1.24. 
" = birth in these species, then, the fat-free body m solidifies Ы о 
к; ү than prenatally, relative to the accumulation of water. n 
fat "à щ the rat, the use of a fetal equation for predicting orm an 
af А | older juvenile animals would result in systematic еа d о 
cio ids, and therefore a corresponding overestimation of fat. It would 
%0 yield too late an age of mature hydration. 
TE man, too, * solidifies » more rapidly after birth than prenatally, 
he same errors should result from using the fetal human equation for 
Predicting solids, fat, and the time of mature hydration in children. 
a ЧЕ this fetal equation is very useful in indicating а likely maximum 
a of mature hydration, beyond which adult hydrometrie equations 
ps used with considerable confidence. 
ages р if this maximum age agrees well w: 
а mature hydration in some of the lower forms, 
be that at the most, the postnatal acceleration of 
Small in man, as in the pig, rather than large as in the rat. 


ith the established 
this finding might 
solidification ” 
Finally, 
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the smaller the postnatal acceleration of / in man, the more accurately 
the fetal equation will delineate the posinatal trends of fat and solids 


in children. 


MATURE HYDRATION IN MAN 


In calculating the body size and probable timing of mature hydration 
during human growth, the equation for the total human fetal series was 
used. The ratios of water and solids at which mature hydration 15 
reached in boys and girls were arrived at by successive approximations. 

Mature hydration in boys, where water is 10.99 of the fat-free body 
weight, is reached when the body contains 27,000 g of water, so that 
the fat-free weight is 38,067 g. In girls, mature hydration at 13.606 
of water in the fat-free body is attained when water reaches 19,500 g 
so that the fat-free weight is 26,845 g. 

For boys, if we assume that this fat-free weight is 8076 of total body 
weight, the intact individual then weighs 47.6 kg. If the corresponding 
fat-free weight of the female is 75% of total body weight. the intact 
body at the onset of mature hydration weighs 35.8 kg. 

In males, body weight at the onset of mature hydration is then 67% 
of the weight of the reference man. The equivalent stage in girls is 
at 62% of the weight of the reference woman. In both sexes, these 
weights are in the lower portion of the range for lower mammals which 
was described previously (60-85%). This finding suggests that the 
postnatal allometric accumulation of solids in the human fat-free body 
proceeds at approximately the fetal rate or, at most, a slight acceleration 
oecurs as in the pig. 

ln boys and girls, when the body weights at the onset of mature 
hydration are translated into age equivalents, using mean weights for 
age published by Sontag and Reynolds (45), it is estimated that boys 
reach mature hydration at almost 14 years of age, and girls at about 
10} years. 

These calculated ages of mature hydration in man occur at about 
the middle of the postnatal time span of growth, as in the pig, rat and 
rabbit. The precocity of the human female seems to be part of a pattern 
of rapid maturation which affects most of the body except for the erup- 
tion of the deciduous teeth (Meredith, ?46). 
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WATER, SOLIDS AND FAT IN PREADOLESCENT CHILDREN 


‘citer tee eee i! (31) have published deuterium oxide and anti- 
Hospital, Bost * years. These children were patients at Children's 
of body | ion eed that some question may arise as to their “ normality ” 
sample of 16 ү a Despite this doubt, the more numerous male 
šokis КЫЙ E. рн has been used to calculate age trends of water, 
total кә ac b iere each constituent 18 expressed as а percentage of 
анӣ ЖЫШ е. E = each individual was the mean of the 0.0 
by the Шш paces. — Е rom this mean value, solids were calculated 
ёш ет, ie equation for the total fetal series which was derived 
4, the least-squares regression 


Where age i s 
here age in years is represented by - 
d by the 


Of non-fat eni : 8 
foll Sn fat solids on age from birth to 10.8 years is expresse 
owing equation: 
(11 ' 
) % Solids = 0.434 + 16.16. 
of solids in this equation, where A = 0, 
al male value of 15.7%. 


Y fel 
e MI or neonatal value 
гон n wel with the reference neonat í | 
larity. ^ te | nino t: years, boys accumulate solids with great regu- 
(sins e Tus certain deduction is that this equation continues to apply 
250%) кыз we ar If the precentage of solids in the reference man 
ШОО substituted into this equation, we obtain 5 terminal age for 
Ditis езй solidification ? of just under 21 years. Research on adoles- 
ўан, or ps determine whether solidifieation is regular from 10 to 21 
üben: accelerates during the adolescent growth spurt and slows down 
alterwards, 

т 
س ف‎ data of Braman et al. ? 
and is fap y ни relative to body weight up to ue 
equations mone stable in the later preadolescent years. 

s express the age trends of water in boys: 

11,0 — 71.06 — 14.6941. 
— 0.424. 


51) show that total body 
age of 9 months, 
The following 


(12 : 
) (Birth to 9 mo old) % 


(13 
) (1 year to 10.8 years) % 1,0 = 59.5? 
for eorresponding ages сап easily 


The x 
he equations for water and solids 
hydration of the fat- 


be 
combi ۴ з 
dined to produce equations expressing the 


free body 
body as related to age. 
1106 — 14621 


(14 3 
) (Birth to 9 mo old) Н.0(% fat-free body) = gray 14.26.07 
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At later ages, with the cancellation of practically equivalent terms in 
the denominator, we arrive at the simple expression: 


(15) (1 year to 10.8 years) Н.О (96 fat-free body) = 78.6 — 0.64. 


The equations for fat content of the total body are readily obtainable 
if the equations for water and solids are combined, and then subtracted 
from 100%. By this method, we obtain one equation for fat up to 9 
months of age, and another extending from one to 10.8 years. 


(16) (Birth to 9 mo old) % Fat — 12.78 + 14.264. 
(17) (1 year to 10.8 years) % Fat = 24.32 — 0.014. 


These equations show that the value for fat in the newborn is 1.2% 
lower than that of the reference male neonate, probably because lengths 
were average in the 8 young infant males studied, but weights were a 
little low relative to the standards in Sontag and Reynolds (745). 
Nevertheless, in this group, the fat content of the body almost doubled 
in the first 9 months of postnatal life. Up to 10.8 years, fat is essen- 
tially stable, while water slowly declines and solids accumulate at 
inversely corresponding rates. 

This stability of total body fat in boys runs counter to the relative 
loss of adipose tissue at mid-brachium as shown from radiographs. ‘The 
discrepancy would be even more marked if mature hydration is attained 
at any age younger than the one predicted from the fetal allometry of 
water and solids in man. 

Although the preceding equation for water as a percent of the total 
body weight in older preadolescent boys indicates a slight decrease, it is 
based on a sample of only 8 individuals. A constant water content from 
one to 10 years is almost equally plausible, but if mature hydration 
were reached during this interval, from that time onward the curve for 
solids would have the same slope as the curve for water. Correspondingly, 
fat would either remain constant, or else increase. 

From these considerations, we conclude that the loss of fat in the 
brachium in boys from 6 years onward is produced by a redistribution 
of the subcutaneous layer rather than by a reduction in the total fat 
content of the organism. 

This finding again emphasizes that radiographic shadows or skinfolds 
are very valuable localized indicators of adiposity in children, but it 
will probably be no simple matter to use them for the prediction of 
total body fat. 


| 
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BODY COMPOSITION IN ADOLESCENCE 


Since the ages of mature hydration were calculated from the fetal 
equation for children of both sexes, these estimates are apparently either 
correct, or else slightly overshoot the mark. Because these calculated 
ages are maxima, hydrometric equations based on young adults can be 
used with confidence on adolescents. 

In boys, the regression equations on age of fat, solids and water 
Suggest that adolescence involves a considerable transformation of body 
Composition. The normative composition of a 10-year-old boy, as calcu- 
lated from these equations, is about 24% fat, 55% water and 21% non- 
d SOlids. "The reference man is far less adipose and more “solid,” 
vith 1496 fat, 61 % water and 25% solids. The trends by whieh this 
transformation is achieved remain to be worked out in the future. 

Although data on body composition are scarce for girls, a notable 
Tesemblance exists belan the normative 10-year-old boy, as described 
above, and the reference woman (28% fat, 52.3% water and 19.7% 
Solids). It can be expected that future studies of girls will show that 
"^ the time of mature hydration, the female is at about the mature level 
OF total body fat as wel. If this suggestion is true, the well-known 
Adolescent changes in female adiposity will prove to be far more a 
matter of redistribution—especially of the subcutaneous layer—than of 
absolute increases in the precentage of fat in the body as a whole. 


DISCUSSION 


In this paper, the hydrometrie method has been deliberately over- 
extende, From the evidence, it appears that man shows several typically 
jj malian growth trends in his body composition. Since direct соп- 
mation of these trends by carcass analyses of children is unlikely in 
a near future, the substantiation or revision of the present findings 
ut Probably have to be done in the living. | 

ol particular importance is a better established value of & for solids 
райе from water in preadolescent children. From such an improve- 
ate better estimations of the age of mature hydration and the growth 
M p and solids can be derived. Ес MER 
"T approach to the calculation of body fat from bod y e i" 
Bora Could proceed in a direction parallel to the present study. 
POSU 38) has published a compilation of specific gravities of dead 
вея and living children. Since the fetal data were based on speci- 
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mens which had never breathed, these determinations are relatively 
comparable with modern studies of adults, where accurate individual 
corrections are made for the presence of air in the lungs (Brožek, Hen- 
schel, and Keys, 49). For living children and adolescents, however, 
modern determinations of density are very much to be desired, and no 
integration of hydrometry and densitometry at these ages will be possible 
until such data become available. 


SUMMARY 

A method is presented by which developmental trends in the body 
composition of children and young women can be effectively described. 
It is a beginning in the formulation of a system of calculating body 
composition from body water, density, radiography and skinfolds, cont 
parable to the methods now used for young men (Keys and Brožek, `3): 

Allometrie equations are calculated between the solid and water con- 
tent of the fat-free body in human fetuses and neonates, using carcass 
analyses from the literature. The question of sex differences is explored, 
and an overall equation finally computed on 59 specimens. This equation 
is also used to define “reference neonates” of both sexes, containing 
representative amounts of fat, water and fat-free solids. By considering 
a typical young American woman as a small, relatively adipose man, 
it is possible to define a “ reference woman ” comparable to the “ reference 


, 


man” of Keys and Brozek (753). "This female reference standard has 
a water content which agrees closely with data in the literature 0n the 
hydration of young women. 

Since few carcass analyses of human children are known, ап attempt 
was made to work out the postnatal allometry of water and solids in 


man, by analogy with data on lower mammals, In the pig, and to ® 
much greater degree in the rat, the “solidification” of the fat-free body 
relative to its accumulation of water proceeds more rapidly postnatally 
than in utero. This postnatal solidification continues allometrically unt! 
the mature concentrations of water and solids are attained in the fat-free 
body. From this time until the animal is fully grown, water and non^ 
solids then maintain a constant ratio. Е 

Various calculations for man suggest that the postnatal allometry 0 
water and solids in children continues at the fetal rate, ог else W! 
only a slight acceleration as in the pig. If no acceleration takes place 
it is possible to estimate the time of mature hydration in man from ка 
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fetal equation without error. If acceleration occurs, however, the fetal 
equation overestimates the time of mature hydration. 

| Using the human fetal equation, it was estimated that mature hydra- 
tion in children is reached at 101 years in girls and at nearly 14 years 
m boys. This indicates the possibility of using young adult lormulae 
for computing the fat-free body weight from water whenever hydrometric 


studies are contemplated on adolescents. 
z The trends of postnatal body composition in children, as indicated 
from the fetal equation, are in some respects similar to those of other 
mammals, and in others unique. At birth, man is a notably adipose 
organism. Zn utero, he has accumulated non-fat solids (especially bone) 
rapidly relative to his gain of water, so that his neonatal fat-free body 
contains less water than that of most lower mammals. He fattens 
greatly during the suckling period, as do other species. , 
From weaning to pubescence, man loses little or no fat: the rabbit, 
cat and pig show quite definite peaks of adiposity at weaning and 
temporary losses relative to total body weight thereafter. During the 
preadolescent years, human children undergo gradual relative decreases 
of total body water and corresponding increases of solids. 
In the rabbit and rat, where sex differences have been adequately 
Measured, the female becomes more adipose than the male only after 
Puberty, while in man this difference seems to appear much earlier. 
In the rabbit and pig, fat accumulates considerably throughout adoles- 
cence, but in the rat this fattening occurs in the earlier part of 
adolescence, and the animals become less adipose as growth comes to an 
end. In adolescent girls, the composition of the body changes only 
slightly, as in the cat, and redistribution rather than accumulation of 


adipose tissue is suggested by the data. Boys, however, lose much fat 


а g | , à | 
and gain considerably in water and solids. This adolescent male pattern 
1 known mammals. 


is à í А : 
S Unusual compared with the trends in other 
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Weight Control: A collection of papers presented at the Weight Control 
Symposium. Edited by Excen S. Eppricut, PEARL Swanson and 
CamnonLD A. Iverson. viii + 244 pp. The Iowa State College 
Press, Ames, Iowa, 1955. $2.50. 


It is essential for biological survival that every animal should carry 
about some reserves of food against an emergency. The chemical form 
is varied. In man the carbohydrate reserve is trivial—at most 500 gm 
and usually much less. There is a considerable uncertainty as to how 
much of the protein in the body constitutes a true reserve, but a moiety 
of the body's protein is undoubtedly labile and this constitutes а true 
reserve. However, the principal store of food is in the form of fat and 
the greater part of body fat can be utilized to maintain life during @ 
period of prolonged partial starvation. There is, however, no certainty 
as to how large this store should be in normal health. It certainly varies 
a great deal in different individuals. There are now a number of ways 
of measuring the fat content of a man: of these, the most reliable 
depends on the fact that fat floats and, if the density of a man is 
determined by underwater weighing, then the proportion of fat in the 
body can he calculated. Keys reported that the mean fat content of the 
people of Minnesota was as follows: young men 14%, young women 25%, 
middle-aged men 26%, middle aged women 38% of body weight. There 
are, of course, wide variations about this mean. There is now an accu- 
mulation of evidence that an excess of fat is associated with an increased 
liability to a variety of diseases and a relatively low life expectancy: 
Excess fat is a biological hazard. There is, however, no indication 9 
what the ideal size of the fat store should be. The size of the actual 
stores is dependent on the balance between the food eaten and the 
energy expended in everyday life. Men, of course, must obey the First 
Law of Thermodynamics, and so a gain in weight must result from ® 
positive energy balance. Normally the appetite mechanism preserves an 
exact balance and appetite is a good example of a fine “ homeostatic 
mechanism.” We know, however, very little about the components 9 
the mechanism. They are in part chemical, in part nervous, and they 
are also subject to psychological factors. Each of these can be disturbed- 
There is now good evidence that obesity can arise from psychologic’ 
chemical and neurological trauma and, as Mayer points out clearly 1p 
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the Sy 3 " 
ymposium, there are several different types of obesity with different 
fined in the mouse, which is 


etiologies. T 
logies. These have been most clearly de 
he human analogues of 


an exeelleni subi е i 
excellent subject for experimental study, but t 


the vari 

arious types of ; ; 
ous types of mouse obesity probably exist. 

trol by reduction in the diet have 


Most fat people find it very 
in many, the attempt is 
persons do not indeed eat 
standards. Their obesity 
er-exereising. Swan- 


| In human obesity, attempts at con 
e for the most part very disappointing. 
шы to cut down their food intake and, 
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University of Edinburgh, 
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y and Status. Edited 
т. E. FRIEDEMAN. 
National Research 


M " . 

Methods for Evaluation of Nutritional Adequat 
by Harry Sprcrom, MARTIN 8. PETERSON, AND 
vii 313 pp. National Academy of Sciences— 
Council, Washington, 1954. (n° price). 

Since nutritional status is an ecologic concept, the subject of nutrition 


iny б ў " А 
о, persons working in the biological and in social sciences. It is 
surprising, therefore, to find in this symposium а wide array of 
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papers (ranging from essential nutrients, through body composition, to 
the statistical evaluation of population surveys). presented by a wide 
variety of investigators and approached from the point of view of 
diverse fields. In reading the 313 pages, the importance of this type of 
interchange of information becomes readily apparent. 

The approach of the symposium is, in another fashion, justifiably 
limited. The major interest and concern of the Armed Forces is the 
young, healthy adult male. The emphasis is then on the problems of 
methodology in the study of nutrition from their point of view. 

Nutrition classically involved the study of nutrients so essential to 
the diet that their absence induced death or specific disease. ‘Today the 
approach has matured, and the concept of nutritional status has come 
to involve also the effect of nutrients on the composition of the organism 
and the effect of this composition on function. The subject of essential 
nutrients is well covered in this symposium and includes classical and 
new discussions on proteins, vitamins and minerals. The topic of 
physical composition is also covered and will be discussed later in this 
review. 

Function, in the final analysis, determines nutritional adequacy OF 
inadequacy, and yet disregarding frank deficiency states, is a newcomer 
in the field of nutritional symposia. “Adequacy " unfortunately involves 
complex matters as productivity, be it economic, intellectual, or PFO 


creative, and encompasses even the moral behavior of an individual OF 
a society over a brief time or generations. ‘The Army has less involved 


interests. Their concern relates to the effect of food on morale, to the 
ability to perform tasks, to withstand severe stress and to recover 
promptly from physical or psychologic trauma. The appearance in this 
symposium of material relating to function should stimulate more 
workers in the field to include this most fundamental aspect of nutri- 
tional adequacy in future studies. 

It was in the discussion of body composition that an element o! 
stagnation appeared. The determination of body composition in vivo. 
classically, as is discussed fully in the symposium, assumes constancy 
of the lean body mass in one form or another. Such constancy is 
physiologically unlikely even in health. Homeostasis, or the constancy 
of the miliew intérieur, is a goal that the organism attempts to attain 
by varying its physiologie processes within the parameters tolerated by 
survival. The resultant inconstancy should be recognized (for instance 
Adolph, “ Physiological Regulations”), and it is the inconstancy rather 
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than the constancy that may be meaningful. The assumption of con- 
stants, or reference standards, may mask or leave neglected areas equally 
as important as the relative fatness or leanness of any individual. In 
! are most impressive, and the assumption 
of a constant composition or even density of the lean body mass may 
have to be discarded. Tt is unlikely even in the adult that such con- 
staney exists or should be hoped or looked for. It seems to this reviewer 
that the description of the parameters of body composition and their 
escribed briefly in this sym- 
more 


growth the concepts of ehange 


interactions in normal men, which are d 
posium, may lead to more important methodology than the 
emphasized discussion of the relative merits of a standard or reference 
hody or the assumption of constancy of any single phase of composition 
or function. 

All in all, the symposium is stimulating and readable. It leads one 
to hope that eventually we will know whether Jack Spratt’s dietary 
digressions were, in the long run, worthwhile. The Armed Forces should 
be congratulated for stimulating and supporting this form of endeavor. 


RaLPH J. Wepawoop 


University Hospitals, 
Cleveland, Ohio 


Fluid Therapy. By James D. Harpy. 255 рр. Lea and Febiger, Phil- 


adelphia, 1954. $5.50. 
The Body Fluids. By J. RUSSEL BLKINTON AND T. S. DANOWSKT. 
vi + 626 pp. Williams and. Wilkins. Baltimore, 1955. $10.00. 
Connective Tissues. Edited by Carles Rac 222 pp. Josiah Масу, 
Jr. Foundation, New York, 195+. $4.25. 
Clinical Disorder of Hydration and Acid-Base Equ 
G. WELT. viii + 262 рр. Little, Brown and Cos 


$6.00. 


ilibrium. By Louis 
Boston, 1955. 


1 While the interest in the physiological role of water in the animal 
ody began to develop more than 100 years ago. its significance for 


Medicine has heen made clear only а few decades ago. In the last 
Marter century great progress has been made in this field, with every 
Sector of clinical medicine benefiting from the increased knowledge con- 
cerning the role of the changes in body hydration in different disease 
States, Measures aiming to correct the disturbances of water and elec- 
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trolyte equilibria were developed and “fuid therapy” is today an 
important tool in every medical or surgical clinie. However, the study 
of changes of the water content of the body is important also for the 
biology of the “normal” man. 

The books listed above present a good picture of the current status 
of this field. While the basic physiology is considered. the emphasis is 
placed on practical therapeutics. Fluid Therapy gives the answers to 
many practical problems in the management of clinical alterations of 
hydration and electrolyte balance, with special reference to surgical 
patients. Elkinton and Danowski provide а more comprehensive treatise. 
Diagnostie and research methods are diseussed and the practical pro- 
cedures of therapy are presented in detail. Welt's volume is a. valuable 
and up to date discussion of the clinical manifestations produced by 
altered hydration of the human body and of their treatment. The first 
part, about a third of the book, presents the basic physiologie and physico- 
chemical concepts. 

The book on Connective Tissue is of a different character than the 
other 3 volumes and, in keeping with the pattern of the Josiah Macy 
conferences, it presents a discussion of selected topics. The section on 
interstitial water and connective tissue by Gaudino will be of interest 
to those engaged in studies of water metabolism and contains valuable 
information derived from the author's work. 

While the publications dealing with body fluids are apt to stress the 
clinical (diagnostic and therapeutic) applications, it should be noted 
that there are several fields of human biology, including the sciences of 
human nutrition and exercise, studies of growth and development, and 
gerontology, in which the determination of body water and the analysis 
of its distribution in the different compartments yields important infor- 
mation on body composition. 


Francisco GRANDE 
University of Minnesota, 
Minneapolis, Minnesota 


Progress in the physiology of farm animals. Edited by Joun HAMMOND- 
Vol. I, vii + 392 + xv pp. Vol. II, 395-740 + xv рр. Butterworths, 
London, 1954, 1955. 45s. per volume. 


During the past quarter century a large amount of research was 
done on the nutrition, ecology, growth, behavior (with special reference 
to grazing and mating). locomotion and reproduction of farm animals. 
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in which the total body is separated anatomically into its component 
organs and tissues and the weight of each is recorded, together with data 
on individual bones of the skeleton. The components are expressed as 
percentages of total weight or, preferably, are compared with a standard 
organ or part (such as cannon bones or brain-plus-eyes). Hammond 
and his students and coworkers (MeMeekan, Pálsson, Wallace, etc.) 
used this technique for a systematic analysis of developmental changes 
in different anatomical regions and in the major organs and tissues of 
the body. These changes are the basis for the alterations in the con- 
formation of the animal from birth to maturity. Different tissues attain 
their maximum growth rate during postnatal period in a definite order 
(central nervous system, bone, muscle, fat) and body fat is accumulated 
with age in different depots at different rates. 

Of basie importance for the assessment of the concept of a definite, 
* genetically determined" body build is the fact that the animal's form 
апа body proportions сап be controlled within fairly wide limits by 
changing the plane of nutrition of the growing animal. Thus “different 
planes of nutrition not only produce animals of greatly different weights 
at the same age, but also of vastly different conformation and com- 
position” (р. 479). This matter appears so important to the reviewer 
that he feels compelled to supplement the citation by a concrete example: 
“Tn general, cattle reared on a low plane of nutrition retain the juvenile 
form; they are leggy, narrow and shallow in the body, especially in the 
hind quarters, with long, large heads, as compared with animals of the 
same breed, even identical twins, which are reared on a high plane of 
nutrition. As in sheep, limited nutritive supply largely inhibits the 
normal development of secondary sexual characters” (р. 498). The 
principal tissues as well as the various internal organs are affected to 
different degree by the restriction of nutritive supply, with gradients of 
increasing retarding effects proportional to the postnatal growth inten- 
sity of the tissues. 

The only serious limitation of Pálsson’s presentation is the omission 
of reference to the recent advances in the study of body composition in 
living man and in intact animals, based on the determination of body 
volume (and body density), partitioning of the total body water, 20 
measurements of optical bone density from roentgenograms serving a 
an index of mineralization. A closer contact between the students of 
the structure of farm animals and of man would be advantageous to both. 


University of Minnesota, JOSEF Brozek 
Minneapolis, Minnesota 
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ТІ Я f 
te e of Hunger and Appetite. Edited by FRANKLIN Hor- 
a 114 рр. Annals of the New York Academy of Sciences, 
ol. 63, Art. 1. New York, 1955. $3.00. 
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defined ep nature. Janowitz and Hollander state that appetite. 
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titan unt of food eaten, thus assuming that appetite is the sole deter- 
a behavior. Grossman distinguishes between bodily states, 
inte "i states and psychic states, and further divides behavioral states 
Thus a nee and unlearned and psychic states into sensation and affect. 
ect ы the bodily state of depletion giving rise to unlearned 
the wn a activity of feeding reflexes and the sensation of hunger. W ith 
state we ishment of conditioning hunger sensations evoke the affective 
appetite, desire for food, which is reflected behaviorally in learned 
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This collection of papers is an important document for all who are 
interested in the subject. It offers the viewpoints of physiologists, nutri- 
tionists, psychiatrists, and psychologists. 

Morton 1. GROSSMAN 
V. A. Hospital, Los Angeles, California 


Roberts’ Nutrition Work with Children. By Evie. Austix MARTIN. 
xvi-+ 527 pp. University of Chicago Press, 1954. $7.50. 


This is the third edition of a classic book on child nutrition by Lydia 
J. Roberts, first published in 1927. The book was completely rewritten 
but its aim remains the same, namely, to present principles and practices 
relevant for attaining better nutrition in children, Readers of this 
journal will be more interested in the first part of the book, concerned 
with the basic understanding of the problems. The second part, yaluable 
in its own right, is devoted to educational procedures. 

Clinical, chemical, and dietary methods and the assessment of physical 
growth are considered, and the extent to which each method alone or !n 
combination with the other measures may be used for characterizing 
nutritional status are discussed. Some 70 pages are devoted to the 
problems of growth, including the general character of physical growth, 
factors which affect growth patterns (sex, size, socio-economic status, 
secular trends, geographic location, race and nationality, defect and 
disease, season of the year), measures of physical maturity (especially 
the comparison of roentgenograms of the hand and the wrist with the 
Greulich-Pyle standards), and a variety of growth standards (Baldwin- 
Wood age-height-weight tables, the Wetzel grid, Stuart-Meredith growth 
norms, and Meredith physical growth record). The review of American 
growth studies, including important current longitudinal investigations: 
will be appreciated by many. 

The most frequent reasons why a child fails to become well nourished 
and the possible effects of malnutrition on physical growth, dental caries; 
the course of disease, the nervous system, mental ability, and emotion® 
stability are examined. A large amount of space is devoted to construc- 
tive programs designed to help a child to become and remain 
nourished. Among the topics discussed are effective nutrition teach 
the school lunch, and the nutritional teaching aids for school and сот” 
munity programs. Chapter VIII contains а valuable description Ja 
activities of national and international organizations dealing with nut? 
tion research and educational programs. 
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tannins are not identical with tannic acid and that in a properly brewed 
tea the disturbing effects of caffeine alone and of tannin alone are not 
present. Tea has a moderate diuretic effect, increases gastric tone and 
motility, and shortens gastric emptying time, with iced tea having а 
more pronounced effect in this regard than hot tea. A shortening of 
simple and complex reaction time was noted in both immediate tests 
and delayed tests. The immediate effect, clearly, can not be ascribed 
to the pharmacological action of caffeine and points to a neglected area 
of study that may, eventually, substantially inerease our understanding 
of * mental fatigue." 
Joser BROZEK 
University of Minnesota, 
Minneapolis, Minnesota. 


Third International Congress of Nutrition. 486 pp. Stichting tat 
Wetenschappelijke Voorlichting op Voedingsgebied, The Hague, 
1954. (no price). 


What Graham Lusk first called the science of nutrition is relatively 
a late comer. Nevertheless its achievements during the life span of 
one generation have been remarkable. As an entity, the science 9 
nutrition is a different thing from the classical disciplines taught 1D 
universities, e.g. physiology, chemistry or physics. It is not limited by 
the use of one set of technics (as biochemistry) or a scale of structures 
(as bacteriology). It covers the organic chemistry of nutrients, enzyme 
chemistry of vitamin function, biochemistry of interconversion of meta- 
bolites, physiology of digestion and of regulations of energy exchange 
and of metabolism, behavior in relation to food, social and economie 
aspects of food distribution, production and utilization, legal protection 
of consumers, and a whole branch of medicine dealing with the deficiency 
diseases and the part of nutrition in the etiology of degenerative disease? 

АП these aspects were touched upon at the third International Con" 
gres of Nutrition, held in Amsterdam, September 13th to 17th, 1954 
The proceedings of the Congress appeared first in the form of separate 
articles in the Dutch nutrition journal Voeding and have recently been 
collected in book form. This reviewer participated in the Congr : 
and would like to mention that he never attended a scientific memng 
more excellently organized. All participants are in the debt of Professor? 
B. C. P. Jansen, M. van Eekelen, and M. J. L. Dols. 


ез8 


BOOK REVIEWS 285 


The Congress was essentially centered around three topics: obesity, 
protein malnutrition, and food additives. The choice of these topics is 
symptomatic. Protein malnutrition in children is the great nutritional 
боны of poor areas and is the greatest preoccupation of the Food and 
Agriculture Organization and of the Nutrition Section of WHO. At 
the other end of the scale in the Western world, abundance of food and 
lack of need for physical work have provided an ideal environment for 
the development of obesity. Modern technology entails its own risks, 
not the least of which is the possibility that some of the substances used 
as antioxidants, preservatives, ete. may be toxie and that some of the 
oe (which are, of course, known to be toxic for at least some 
Wing species) may not be completely eliminated. 

"S addition to the three symposium-like groups of papers, there 
\ presentations on unrelated topics, a number of which were of great 
سس“‎ Space does not permit to cite them all, but the scope plc 
the gress is exemplified by three of the outstanding papers dealing и \: 

Psychological aspects of nutrition (with special reference to experi- 
Moles psychodietetics), nutrition as a factor against addiction, and 

ects of nutrition research of special interest to FAO. Р 
tr The book is attractively printed, easy to read, and has good illus- 

ations, 
JEAN MAYER 
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RADIOISTOPES IN BIOLOGY AND AGRICULTU: 
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Academic Press, New York, 1954. $10.80. The first volume of the pro- 
ceedings of a conference sponsored by the Atomic Research Establishment, 
Harwell, England, and held in July 1954, contains 46 papers devoted to 
medical and physiological applications (therapy, diagnosis, animal physi- 
ology and pathology, biochemistry, plant nutrition). Subject index is 
lacking. The use of radioisotope techniques for the study of body com- 
position in vivo was not discussed. 
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BODY COMPOSITION IN CHILDHOOD * 


WITH REFERENCE TO IN VIVO CHEMICAL ANALYSIS OF 
WATER, FAT, AND PROTOPLASMIC MASS 


BY ICIE G. MACY AND HARRIET J. KELLY 
The Merrill-Palmer School, Detroit, Michigan 


НЕ study of child development is handicapped because of inadequate 

information on the chemical composition of the body and on the com- 
ponents of body weight gain or loss during growth and maturation. 
Knowledge of body composition has major significance in health and 
disease and, therefore, in the care of children. 

As the body moves toward maturity and completion of physical 
structure, with consequent adaptation in physiologic function, the indi- 
vidual tissues and the organism as a whole must progressively change 
to accommodate for symmetry of physical and chemical growth if homeo- 
stasis and satisfactory nutriture of the body are to be maintained. It 
is generally understood that the body is dynamic in character, that the 

*This work was supported in part by grants from the Williams-Waterman 
Fund, The Nutrition Foundation, Inc., The Kresge Foundation, Swift and Com- 
pany, and the National Institute of Health for the Study of Rheumatic Diseases. 


?90 ICIE G. MACY AND HARRIET J. KELLY 


modification of the composition of the body is subject to constant 
physicochemical fluctuations, and that a given unit increment in weight, 
stature, or chemical composition may be entirely different at one stage 
of development from the unit increment at another. For instance, in 
the infant a gain of 1 kg in weight means in large measure an increase 
in neural, glandular, and muscle tissues composed of a large proportion 
of active protoplasmic cell mass (Ilarris ef al., 730), whereas in the 
child the gain is primarily due to bone and muscle, and in the adult it 
usually indicates the accumulation of body fat (Behnke, 11-42, Behnke 
et al., 742, Osserman et al., 50, Keys el al, 750, Widdowson ef al, 751, 
McCance and Widdowson, 51. Miller and Blyth, 752). More specifie 
information on body composition in childhood and on the effect of the 
usual growth and maturation processes is urgently needed to bridge 
an essential gap in our knowledge of child development. 

The fact that few data on the direct chemical analyses of total or 
even parts of human bodies are available is due to the difficulty of obtain- 
ing bodies for analysis and to the many, almost insurmountable tasks 
involved in handling and sampling accurately such large quantities of 
diffuse biological materials, The individuals reaching autopsy and made 
available to the biochemist for direct chemical analysis too frequently 
have had questionable health records; hence the data resulting from the 
determinations may not represent normal body composition values. More 
fetuses have been subjected to chemical analyses than infants, children, 
or adults. Widdowson, McCance, and Spray (51) recently presented 
new data and summarized existing knowledge on the chemical com- 
position of human bodies. In presenting the major chemical components 
of the body of a male child 44 years old, with a body weight of 14.0 kg 
and a height of 107 em., these investigators point out that, although 
the results of the analyses are of great value to physiologists and path- 
ologists, “the findings require cautious interpretation if they are to be 
used as the basis of normality.” They emphasize that * many more 
bodies will have to be analyzed to establish reliable figures for the 
normal average and its variation." 

The importance of quantitative evaluation of body weight with 
special reference to fat, fat-free mass, water, and minerals was stressed 
by Moulton (723) and Hastings (40241) in their classic studies of 
chemical composition of body tissues of animals. Numerous investigators 
have demonstrated that the relative fatness of adults of the same species 
does not affect the composition of the fat-free body mass. Moulton 
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discovered three decades ago that the concentration of water, protein, 
and ash of the fat-free body mass becomes more or less stationary, after 
which no appreciable changes occur; he described this state of body 
composition as chemical maturity. Applying the results obtained on 
animals to human individuals, Moulton surmised that by early childhood 
the fat-free protoplasmie mass has reached a more or less constant 
chemical composition. This theory is supported by belief that growth 
and development are most stable between the ages of 4 and 9 years. 

In later systematice work involving detailed analyses of whole bodies 
of several species of mammals at various ages, including man, Spray 
and Widdowson (750) point out that mammals similar morphologically 
have similar composition and that the term chemical maturity can be 
applied to the body as a whole only when all its constituents have reached 
constant level. In a recent report on continuing studies of linear growth 
of long bones (Maresh, °55), it is stated that “ beginning at about three 
or four years of age and continuing to the prepubescent years, the child- 
hood patterns of геом growth were found to be remarkably stable 
and orderly. Iere the changes in percentile levels with increasing age 
Were minimal, fluctuations were few, and the growth curves for all four 
bones [humerus, radius, femur, and tibia] were usually alike deserip- 
tively, * Lateney ^ would seem to be a good term for linear physical 
Erowth in the childhood years.” | 

During the Second World War the urgent need for improved prepara- 
tion and care of military personnel stimulated intensive research on body 
Composition for in viro chemical analysis of the human body. Under the 
able leadership of Behnke (41-42), investigations were designed which 
resulted in practical procedures for partitioning the body weight of 
living adult men and women into its principal components—water, fat, 
"nd lean body mass. The results have been extended and verified in 
Principle by other investigators (Keys et al., 750, McCance and Widdow- 
Son, 35]. Miller and Blyth, 52), and they agree in general with the 
few data obtained hy direct chemical analysis of human bodies (Widdow- 
Son e£ al., 51, Forbes et al., 753. Mitchell et aL, 45). | 

Thea purpose of this paper is to apply similar methodologies м 
adapt them for partitioning body weight of living children into fat, 
total body water, extracellular water, intracellular water, and lean body 
mass. In this SY body composition in childhood сап be predicted with 
Teasonable accuracy in relation to physical and chemical growth and to 
Maturation, A battery of tests were made, including anthropometric 
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measurements, roentgenographic assessments of skeletal maturation, and 
biochemical studies of urine, physiologie functions and basal oxygen 
consumption. These tests served as the basis for assessing the body 
composition of active, healthy children. 'The fact that so many inde- 
pendent evaluations were made, both direct and indirect, provided a 
check on the methods used and the values obtained. 


EXPERIMENTAL 


This report on the assessment of body composition in childhood is 
an extension of the investigation recorded in Nutrition and Chemical 
Growth in Childhood (Macy, 42, “46, 51). The description of the 
children, the environmental conditions and controls, and the tests applied 
are recorded in detail in Vol. 1— Evaluation (Macy, 42), Vol. 2— 
Original Dala (Macy 46), and Vol. 3—Calculated. Data (Масу, 51). 
The children selected and observe 


d throughout childhood were those 
whose medical records showed 


а minimum of illnesses, none of which 
were extensive or severe, and the absence of known untoward hereditary 
factors in their medical histories: who were normal in weight for height 


by the standards of Meredith (35) and Boynton (736); and whose 


roentgenograms indicated skeletal development and maturity within 
normal limits (Macy, 49, *46, 751 ). The methodologies used as the basis 
of physical and chemical growth and maturation are shown in table 1. 
Childhood refers to the years between the ages of 4 and 12. 


TABLE 1 


Methodologies used. in growth studies 


Anthropometric Measurements 
Weight 
Length: Total body, stem, tibia, head 
Width: Biacromial (shoulder) 

head, chest 

Depth: Chest 
Circumference: Head, che 
Subcutaneous tissue: 


; intercristal (hip), intertrochanteric (hip); 


st, upper arm, thigh, abdomen 

Fat over biceps 

Roentgenologic Maturity Assessments 
Hand Elbow 


Knee 
Shoulder Foot 


Hip 
Biochemical Studies 
Urinary excretion of total nitro 


gen and creatinine 
Basal metabolic rate 


т Л i 


y, 


"4 `, 


BODY COMPOSITION IN CHILDHOOD 293 


Investigators studying body composition have used various terms 
for those components of body weight that are associated with the active 
protoplasmic mass or cell mass. In this discussion, lean body mass is 
composed of extracellular water, intracellular water, and cell solids. 
Cell solids equals lean body mass minus total body water (extracellular 
and intracellular), Fat equals gross body weight minus lean body mass. 

Some adjustments have been made in the caleulations to correct for 
differences in terminology. Lean body mass, as used in this paper, 
contains no fat. In Behnke’s definition (41-42) of this term, a certain 
amount of “essential” fat is included. Therefore, when Behnke's 
equations were applied, his lean body mass values were adjusted to 
eliminate. the 10% essential fat for boys and the 15% for girls that 
he had included. In our values, this “essential” fat is included in total 
body fat, which makes our figures for totul fat appear higher than those 
reported by Behnke. 

Cell mass is used by some investigators. 1t may be obtained in one 
Of two ways: (1) lean body mass minus extracellular water; (2) cell 
Solids plus intracellular water. 

RESULTS 


The results of this investigation contribute to a more specific evalua- 
tion of the principal body components in childhood—total body water 
(including its integral parts, extracellular and intracellular water), fat, 
and lean body mass. 

Body Water Evaluation. Water is essential for the construction, 
function, and maintenance of the homeostatic condition of the body. 
The physicochemical reactions, on which cellular function and life 
depend, take place in the presence of water and are affected by fluctua- 
tions in the water content of the body. Three methods have been 
employed in the estimation of the volume of water in the body: (1) 
chemical analysis by the desiccation procedure applied after dieti 
(Widdowson s al., 1, Spray and Widdowson, 750, Forbes et al., ر58‎ 
Mitchell et al., 45) ; (2) in vivo dilution procedures employing a variety 
9f chemical substances (Pace et aL, 47), Soberman, 49, Steele et al., 
50, Kraybill et al., 51) ; and (3) the method of water displacement for 
termining the specific gravity of living persons and cadavers ( Behnke, 
41-49, Zook, 732, Boyd, 733, Brožek ef al., 49). » 

The equations derived by Friis-Hansen et al. C31) for determining 
he Volume of total body water of children were directly applicable to 


› 
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the assay of the body composition of our children. Their technique 
utilized the dilution method with either deuterium oxide or antipyrine 
or both, and the equations developed took into account, first, weight, and 
second, surface area as follows: 


Total body water = 0.55 X weight + 0.51 SD= +74% (1) 


Total body water = 15.05 X surface area — 0.71 
SDi (9) 


Total body water is given in liters, weight in kilograms, and surface area 
in square meters, as determined by DuBois’ formula (716). Application 
of the first equation to the data accumulated on the children in this 
report gave for relative body water composition a value ranging from 
56 to 58%, whereas the second equation, which takes into account body 
size or surface area, gave a somewhat wider range of 46 to 589. These 
values are presented in table 2. 


TABLE 2 


Estimated total body water in body weight in childhood 


RANGE OF TOTAL 
BODY WATER 
Percent of 
PROCEDURE USED REFERENCE Kilograms Body weight 


Derived from studies on children: 
Predicted from body weight Friis-Hansen et al., '51 9.6- 23,6 56-58 
Predicted from surface area * Friis-Hansen et al., '51 9.6-20.1 46-58 


Adapted from studies of adults: 


Based on chronologic age MeCance and 

Widdowson, '51 9.9-24.6 56-62 
Based on anatomic age MecCance and 

Widdowson, '51 9.9-25.4 56-62 


Although the predictions from body weight and surface area were made оп the 
same group of children, the minimum absolute values represent two different children 
in the group, which accounts for the apparent diserepancy in relative values. 


By means of an independent biochemical procedure, MeCance and 
Widdowson (751) developed the following equation for adults: 


Total body water = extracellular water + 67%, cell mass. 


«3 
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The prediction equations for the amounts of extracellular water, cell 
mass, and fat were formulated by the method of least squares, from data 

Siven by these inve stigators, utilizing relalive body weight status instead 
of actual or cross body weight. In applying these prediction equations 
to children, the relative body weight status values were derived from the 
standard values developed by Pryor (43). These norms Were arrived 
at by use of several Measurements, namely, sex, age, height, hip breadth, 
and chest breadth, The prediction equations used in caleulating values 


for our children we re as follows for boys: 


Extraeellular water (76 body weight) = — 0.16 
X o normal weight -+ 36.64. 
СӨП mass ('; body weight) — — 0.16 
со normal weight + 13.69. 
and for girls : 


Extracellular water (Co body weight)— — 0.11 
X (о normal weight + 33.85. 


Cell mass (С body weight)— — 0.16 | | 
X % normal weight + 70.56. 


Norma] weight was estimated by both chronologic and anatomic ages, 
When Measurements of body size or composition are based on age, 
anatomie or skele ‘tal age often gives a truer evaluation. For this reason, 
the percent; iges of total body water are presented for both chronologie 


and skeletal aves (table 2). On the basis of chronologic age the results 
Obtained for total water amounted to 56 to 626% of the body weight and 
Were comparable to the range of 46 to 5866 derived from the ы 
of Friis-Tanson et al. (51). On the basis of anatomic age, gin e - 
Stituted equation of MeCanee and Widdowson (51) produced similar 


Values of 56 to 626 total body water. 
determined total body water in normal human 


Edelman ef r ("58 ius M 


"аап beings of both sexes throughout the life span by 
deuterium йй pisc technique. One hundred and twenty measure- 
subjects two days to 86 years of age with a мези 
I of 2.3 to 100.3 kg. No cipem difference bien wid to sex 
lii noted until the age of 16 years; thereafter the mean body water 
as lower in the females studied than in the males of corresponding age: 
The rangos of total body water determined were 55.2 to 62.8% of body 


ments wore made on 
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weight from one to 9 years, 51.8 to 63.2% for males from 10 to 16 years, 
and 49.8 to 89.5% for f 
The estimates of body water in childhood presented in table 2 fall 


within the range found by Edelman ef al, (52) for normal childhood. 


emales 10 to 16 years of age. 


Further confirmation is thus given to the values obtained in our study 
of nutrition and chemical growth in childhood, inasmuch as the volumes 
of water compare favorably with the results obtained by direct analysis 
by desiccation of the cadaver of a 44-year-old child (Widdowson et al. 
251). The percentage of water in the whole body of the child on a fresh 
weight basis amounted to 53.8, which was somewhat lower than the 
values for childhood determined in our studies, no doubt because the 
child had been ill for two weeks prior to death and its body water had 
been reduced some by dehydration. 


Extracellular Water Evaluation. Manery (54) described extra- 
cellular fluid as “an ill-defined physiological unit made up of plasma, 
lymph, cavity extracellular fluids and interstitial fluid of tissues. Each 
type resembles the plasma in a general way but cach one is dissimilar 
to the plasma and to all others in a fashion depending upon the site 
and function of the particular tissue of which it is a part.” He also 
distinguished anatomic and physiologie measurements of extracellular 
water. On a practical basis, the usual determination of extracellular 
water falls somewhere between the anatomic and physiologic measure- 
ments and is the value most generally obtained with present clinical 
procedures. 

Morse ef al. (47) studied 65 normal healthy children, aged three to 
17 years, and determined available fluid volume by the sodium thio- 
cyanate dilution method. By the method of least squares these investi- 
gators obtained the following equations: 


For children with surface areas of 0.5 to 1.2 square meters: 


Available fluid volume = — 6.14 + 0.1042 height (cm). 

Available fluid volume = — 1.48 + 9.12 surface area (59. m.). 
For children with surface areas of 1.0 to 2.0 square meters: 

Available fluid volume = — 27.20 + 0.2557 height (em). 

Available fluid volume = — 7.15 + 14.22 surface area (84- m.)- 
For the whole range of childhood and adolescence: 

Available fluid volume = — 0.03 + 0.287 weight (kg). 


On the assumption that the available fluid volume may be consi 


а 
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equivalent to extracellular fluid, we applied these equations to the data 
recorded in Nutrition and Chemical Growth in Childhood. When the 
results obtained on the basis of height, weight, and surface area were 
averaged, from 25 to 30% of the body weight was estimated to be 
extracellular water (table 3). 


TABLE 3 


Estimated extracellular and intracellular tater in body weight in childhood 


RANGE OF WATER 
Percent of 
INCE Kilograms Body water 


PROCEDURE USED REFE 


Extracellular water 


Derived from studies on children: 
Predicted from height, weight 


and surface area Morse et al., '47 4.7-12.6 25-30 
Predicted from weight and Friis-Hansen et al., 51, 

surface area Gamble, 47 2.7- 6.2 15-17 
Predicted from weight and MeCance and 

surface area Widdowson, '51, 


Friis-Hansen et al., 51 3.5- 8.0 19-21 


Adapted from studies on adults: 


Based on chronologic age MeCance and 

Widdowson, '51 3.6- 8.6 19-24 
Based on anatomic age MeCance and 

Widdowson, '51 3.7- 9.2 19-24 


Intracellular water 


Рогі е Р 
derived from studies on children: 


Predicted from weigl d Friis-Hansen ct al., '51, 
eight an 9 " 
Surface area Gamble, 47 6.9-15.6 37-42 
Predicted from weight and MeCance and 
Surface area Widdowson, 751, 


Friis-Hansen et al., 51 | 0.1-13.8 33-37 


Mapteq from studies on adults: 


Based on i ^ a 
á chronologic аре МеСапсе an 
" е Widdowson, '51 6.1-15.9 35-40 
Based o , Я 
n anatomic age McCance an : 
а Widdowson, ’51 6.1-16.3 35-39 


McCance and Widdowson (51) developed a simplified method of 
btaining body composition which is applicable to living persons in 
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health and disease. According to their thesis, the body is in large measure 
composed of total body water, extracellular water, cell mass, fat, and 
minerals. ‘They determined body water by the dilution procedure, In 
the extracellular fluid determinations, sodium thiocyanate was used and 
corrections were made for its penetration into the erythrocytes. The 
prediction equation for evaluating the volume of extracellular water in 
the body, as given above, was derived from the data of MeCanee and 
Widdowson by the method of least squares. 

The relative amounts of extracellular water of the body during 
childhood are recorded with respect to both chronologic and anatomic 
ages in determining normal weight (table 3). The extracellular water 
was found to occupy 19 to 240% of the body weight whether the prediction 
equation was referred to chronologic or to anatomic age. 

The relative volumes of extracellular water determined by the predic- 
tion equation developed from MeCanee and Widdowson’s data on adult 
men and women gave lower levels than those obtained by the equation 
of Morse el al, namely, 19 to 2476 and 25 to 30% of body weight, 
respectively. These differences could be accounted for by the possibility 
that Morse et al. made no correction for the penetration of the sodium 
thiocyanate into the erythrocytes; or the discrepancies may have origi- 
nated in the application of equations derived for adults to measurements 
of extracellular fluid in children. 


Intracellular Water Evaluation, MeCance and Widdowson (751) 
measured the amount of cell mass and extracellular water and, assuming 
that the cells contained 6765 by weight of water, calculated the intra- 
cellular water. The average summary values derived by this procedure 
gave results of 59% for total body water, 217% for extracellular water 
and 38% for intracellular water of body weight in childhood. These 
yalues agree closely with those obtained by the use of the Friis-Hansen 
et al. data on total body water which gave average values of 55% total 
body water, 20% extracellular water, 35% intracellular water of body 
weight in childhood. Edelman obtained 59% total body water in child- 
hood. 


Jody Fat Evaluation. In a review of the general subject of the esti- 
mation of fat in the body Brožek and Keys (750) state that “ while 
the present orientation is toward nutritional application, it should be 
observed that estimation of the proportion of fat in the human body 
is needed for an intelligent interpretation of body weight and its change 


yx 
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in diferent physiological conditions: for the investigation of differential 
rates of growth and involution of body tissues during the life cycle; for 
а quantitative deseription of the physical constitution and ‘body type,’ 
especially with reference to morbidity and mortality trends: and for the 
study of sex and race differences.” 

Direct measurements of specific gravity of adult men (Behnke, *41- 
“42, Osserman et al., “50, Keys et al., 50, Messinger and Steele, 49) and 
children (Zook, “32, Boyd, 733) demonstrated that fat, with its low 
density (0.92 specitic gravity), is the primary variable which determines 
individual body density. Studies of total body specific gravity led Behnke 
(41-42) and co-workers (Morales et aL, 45, Pace and Rathbun, 45) 
to the conclusion that the living body can be divided into a “ fat-free ” 


portion (lean body mass) of constant gross composition (which includes 
й certain amount of essential fat) and a variable quantity of fat. Since 
lean body mass may be considered to be relatively constant with respect 
to water content for the same species, age, and sex (Widdowson et al., 
ЭТ, Morales e£ al., 45), it is possible to estimate total body water from 
fat content and, conversely, total body fat from water content (Widdow- 
son et al., ^51, Morales @ êl, ^45, Steele, 50). Calculations were based 
On 71.8 to 73.266 water in the lean body mass. 

Body water ly the antipyrine dilution method (Steele, '50, Keys and 
Brožek, 753) and specific gravity by the method of underwater weighing 
have been determined on the same men (Osserman et al., 50, Messinger 
and Steele, *49), The two independent methods of assay gave closely 
agreeing results for total body water and total body fat. According. to 
Some investigators, the substitution of the antipyrine method for specifie 
Sravity measurement is considered a valid means of eliminating the 
Subject cooperation required by underwater weighing. 

In a study of the human body during infancy, childhood, and adoles- 
cence, Boyd (33) related specifie gravity to stature and to age. l'or 
Children at mid-respiration she derived the following equations: 

Speeilie gravity = 0.95431 -+ 0.000402 X stature (em). 

pecilie gravity = 0.98705 + 0.002218 X age (years). 
When these equations were applied to our data in Nutrition and етш 
Growth in Childhood, good agreement was found between specific gravity 
On the basis of stature and on the basis of age. The average values for 
sPecifio Sravity derived from the study of Zook (739) on 164 ajê, Ape 
> to 19 years, agree with those presented by Boyd. In determining the 
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specific gravity values with which to caleulate the body composition of 


our children, the results obtaine 
smoothed values for the boys in Zook's study. 


] hy Boyd were averaged with ihe 
h А g 
The calculated specifie 


gravity of our children give a range between 0.999 and 1.015 (table 4). 


TABLE 4 


Estimated fat content of body weight in childhood * 


a‏ ي 
RANGE OF КА"‏ 


PROCEDURE USED 


Derived from studies on children: 


Adapted from studies on adults: 


Using standard weight 
Based on chronologic age 


Based on anatomic age 


Using urinary creatinine 


Based on chronologic age 
Based on anatomic age 


* Specific gravity predicted from stature and age ranged from 0.999 to 1.015, with 


an average of 1.005. 


Estimations of body fat in vivo we 
by means of equations developed for childr 


REFERENCE 


Kilograms 


Friis-Hansen ct al., 51] 3.5-2.2 
МеСапсе and 
Widdowson, '51 2.5- 1.0 
MeCance and 
Widdowson, '51 24- 7.1 
Miller and Blyth, '5 2.7- 9.9 
2.7- 2.0 


Miller and Blyth, 


جح 
T CONTENT‏ 
Percent of‏ 
Body weight‏ 


re also made from total body water 
еп as well as equations 


developed for adults and adapted to children. The following prediction 
equation for the amount of fat was formulated by the method of least 


squares from data on adults giv 


utilizing relative weight status: 


Fat (% of body weight) = 0.34 X % of normal we 


From the equations for children, 
children ranged from 21 to 29% of the body wei 
Methods developed on adults, including the use of formu 
standard weight and creatinine excretion data, gav 
ment. It will be noted that values obtained by 
gave a range of 12 to 31% 
Although this amount of fat is important whe 


e results in f 
independent methods 


en by МеСапсе and Widdowson (51) 


ight — 17.60. 


the fat content of the body of our 
ght, as shown in table 4- 
las based oP 
air agree- 


fat in the body weight of our children. 


n considering the 


com- 


P= 
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position of body weight. the results correspond with the estimated specific 
gravity and subcutaneous fat findings in indicating that our children 
possessed à moderate amount of body fat, in view of the fact that these 
values include a certain amount of essential fat. 

Numerous tests demonstrated that our children were well nourished 
but were not obese by any of the standards used. On the basis of chrono- 
logie age their weight range was from 86 to 110% of the standard 
Weights, and a similar range was obtained on the basis of anatomic age. 
When measured by the skinfold method on the bieeps in accordance 
with the Franzen (39) technique, they showed a range of 78 to 155% 
of subeutaneous tissue, which indicates moderate fatness. The retention 
of the total eleetropositive and electronegative minerals by the children 
indicated that their change in body weight was due to increase in lean 


body mass and not to excess body fat or water. 


Lean Body Mass Evaluation. Lean body mass may be estimated in 
the living subject by several independent methods, such as measurements 
of oxygen consumption, urinary excretion of creatinine per 24 hours, 
urinary nitrogen excretion, and storage of nitrogen by the metabolic 
balance method. Basal metabolice rate and creatinine excretion have long 
been associated with that amount of protoplasmic tissue present in the 
body, although individual tissues composing the total protoplasm in 
the body consume oxygen at charaeteristic but at dissimilar rates. А 
Close relationship would be expected, therefore, between the total amount 
Of lean body mass and the oxygen consumption and the urinary creatinine 
excreted, referred to a square meter of body surface area. Assuming 
that the relative composition of the lean body mass is on the average the 
Same during childhood and adulthood, we adapted the equation developed 
by Miller and Blyth (75?) to children, using the determined values of 


basal oxygen consumption: 


Lean body mass = standard weight 


0.92674 oxygen conn 
(— 0.08943: oxygen standard 


The standard values employed for oxygen consumption were those of 
cwis et al, (43) and Kenyon et al. (54). The results on the basis of 


chronologie age showed that the children of Nutrition and Chemical 


Growth in Childhood possessed 69 to 88% of their body weight in lean 


body mass, and on the basis of skeletal age 69 to 92% (table 5). The 
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* 


percent of lean body mass obtained by this procedure was comparable 
to the values obtained by methods involving the measurement of either 
body water or body fat. Behnke's data (753) derived from adults were 
adapted for children by the following equations : 


Lean body mass 


standard weight 74.1 Cal. hr! 35.26 height for boys. 
= 46.54575 Cal. hr. standard standard height 
Lean body mass 
standard weight / 61.98 Са]. 0 99.95 height for girls ) 
34.20195 Cal. hr. standard standard height ў 


The results showed that 55 to 86% of the body weight of children was 
lean body mass. 
TABLE 5 
Estimated lean body mass in body weight in childhood 


س 
RANGE OF‏ 
TOTAL LEAN HODY MASS‏ 
Percent of‏ 
PROCEDURE USED REFERENCE Kilograms Body weight‏ 


Derived from studies of body 
water of children Friis-Hansen et al., '51 131-908 71-79 


Adapted from adult fat content: 


Based on chronologic age MeCance and 

Widdowson, '51 13.7-35.0 190-88 
Based on anatomic age MeCance and 

Widdowson, '51 13.7-306.2 77-88 


Adapted from adult oxygen 
consumption: * 


Based on chronologic age Miller and Blyth, '52 71-88 
Based on anatomic age Miller and Blyth, '52 79-92 
Based on height and weight Behnke, '53 55-86 
Adapted from adult urinary 
creatinine excretion studies: 
Based on chronologic age Miller and Blyth, '52 69-87 
Based on anatomic age Miller and Blyth, '52 60-87 


* These values are based on the range of averages of age groups, whereas the other 


values in the table represent the entire range for individuals. 


تت 
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A study of the urinary nitrogen excretion offers other means of 
evaluating body composition of children. Numerous investigators have 
found relationships between basal metabolic rate and urinary creatinine 
excretion rate when results are derived from body weight in kilograms, 
stature in eubie centimeters, and surface area in square meters. In 
evaluating the amount of lean body mass by means of creatinine exere- 
Hon. we converted the equation of Miller and Blyth (52) for adults 
to an equation for children: 

0.51296 creatinine } 


T ; mass standard weight ( 0,2518 + 21296 creatinine. 
van hody mass —standard weigh T standard creatinine 


The standard creatinine values used were those of Clark e£ al. (51). By 
this method of analysis of body weight composition, lean body mass 
ranged from 69 to STi on the basis of chronologie age and from 69 to 


See according to skeletal age. The observed creatinine coeficient, in 
Milligrams of prefemned creatinine nitrogen per 24 hours divided by 
body weight. was constant within the range of 7.5 to 9.7. In estimating 
lean body mass. from total body water, Friis-Hansen et al. (51), we 
found the lean body mass to range from 71 to 79° of the body weight 
in childhood: Similar results were obtained by adapting the MeCance 
and Widdowson (51) studies on adults to children, giving values for 
lean body mass of 79 to S8% on the basis of chronologic age and 77 
to 885; on the basis of anatomie age (table 5). Our values, estimated 
from the total body water data given by Edelman et al. (752) using the 
factor 73.2, ranged between 68 and 86 lean body mass in the weight 
Of normal «Їнї. They compare favorably with the results of 55 
fo 866% lean hody mass obtained by applying Behnke's (58) equation 
n consumption, height and weight and adjusted for 10 to 


based 
A On oxvere | 
ia varies more widely. 


156 essential fat, although the latter range D 

In this study of the body composition of children, we arbitrarily 
Chose the average value of n 2 to represent the total water in the 
fat-free body of children in preference to lower values (70 to 71.8%) 
“Mployed by some investigators studying the body composition of adult 


Men and women. Although the use of the higher factor for total body 
Water in the fat-free body mass results in lower estimates of lean body 


Mass and higher body fat, they are comparable to values arrived at by 


Inde 
di Pendent procedures. 


The equations developed by Friis-Hansen et al. (51) for ehildren 
ed On weight and surface area permit a study of body composition AB 
“elation lo age trends, Table 6 demonstrates the trends in actual and 


тер: ; 
“lative body composition for boys and girls. 
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The results on body composition of children reported in this study 
correspond favorably with the few direct chemical analyses that have 
been made on children's bodies after death. With the assumptions made, 
with the hazards incurred when procedures developed on adults are 
adapted and applied to children, and with the relatively few boys and 
girls observed at certain age levels, it seems more than chance that such 
close agreement was reached in the prediction of composition of body 
weight of living children through the use of independent direct and 
indirect physical and chemical measurements. The fact that so many 
independent evaluations were made, both direct and indirect, provided a 
check on the methods used and the values obtained. 

The fact that successive observations were made and longitudinal 
data were accumulated on the same children throughout childhood while 
they were maintained on a known adequate diet and lived under favorable 
vironmental conditions contributed to the accuracy of the determina- 
tions and measurements from which the predictions of body composition 
Were made, 


SUMMARY 


The values for body composition of healthy living children presented 
here were acquired by several totally independent procedures and were 
based upon biochemical determinations, anthropometric measurements, 
Skeletal Maturation assessments, and physiologie functional tests. The 
observations were made on the same subjects during childhood (4 to 12 
Years) at the time they were adapting and maturing physiologically and 
Physically in accordance with the demands of the growth impulse that 
Was characteristic for the individual. 

The methodologies selected, applied direetly or adapted for the pre- 
diction of the composition of body weight, gave the following average 
Pereentages of the major constituents of body weight for the period | 
Childhood. total bodie water, 3575. (extracellular water, 90%; intra- 
Cellular water, 35%) fat, 25°: lean body mass, 75%. The average 
Specific gravity for childhood was 1.005. These estimated values in terms 
Of in vivo hody composition provide information for use in integrating 
Studios of physici] and chemical growth, maturation, and nutrition of 
children, They will serve until such time when more exact measurements 
f each component of the body weight can be obtained on a large number 


Оуз and girls at different age levels. 
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SOME PHYSICAL PECULIARITIES OF DEAF-MUTE 
BOYS 


BY BIN YAMAGUCHI 


Department of Anthropology, Tokyo University, Japan 


INTRODUCTION 


1" is said that the abnormal is only a modification of the normal 
and that a hitherto unknown norm can be detected through a careful 
analysis of the abnormal. This study, dealing with deaf-mute boys, 
seeks to determine some peculiarities in their physical type and motor 
function, A further purpose is the possibility of obtaining some sug- 
Sestions for the study of normal processes. The data used are abstracted 
Tom my unpublished master's dissertation (Yamaguchi, 755). 


MATERIAL 


Fifty-eight deaf-mute boys (15-17 years of age) from two schools 
for the deaf in Tokyo were measured and investigated in 1953-1955. 
Vith respect to cause and range of disease, the materials are somewhat 
‘eterogoneous, But, to my regret, the sample size is so small that I can 
?nly dea] With them en bloc. . 
si .l order to obtain standard data for comparison, I carried out a 
"ар investigation оп 119 normal boys and 148 girls (15-17 years) 
clos, high-school in Tokyo, whose average socio-economic status is very 

* to that of the deaf-mute boys. 


METHOD 


‚ Measurement, Stature, arm length (acromion height—dactylion 


е1 Ў : М 
digg leg length (height of iliospinale), shoulder breadth (biacromial 


cr), hip breadth (iliocristal diameter), circumferences of upper 
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arm, wrist, and thigh, and subcutaneous fat thickness (skinfold on 
medial surface of upper-arm). 


Motor function. a. Static balancing (duration of toe-standing on 
a bar with open eyes), b. reaction time (simple visual reaction time), 
c. manual dexterity (match-board test), d. finger dexterity (ball-picking 
test), e. motor speed of arm (tapping test), f. muscle strength (hand grip 
and Sargent jump). g. mimic muscle movement (closing one eye), and 
h. handedness (throwing hand). 


FINDINGS 


It would not be useful to record here the detailed figures of means 
and variances. The main results are illustrated in figure 1. Mean 


Shoulder brdth.—— 


Upper arm ofr.--— 


Wrist ofr--—-——— 
Thigh ofp-—-——-—- 
ze Hip brdth. 
i -Fat thioknoss 
= bgaa (u) -1я) (-28)— 


-Воаоёіор tine 


М: Moans cf Normal boys 


Manual dozterity- 


в: standerd deviation 
Finger dextority- 


O— Deaf-mute boys 
Motor 8peed-—— — 


Bormal girls 


Jumping -—-———-- O 


RELATIVE DEVIATION OF DEAF-MUTE Boys From NonMAL BOYS, 
IN PHYSIQUE AND MOTOR FUNCTIONS. 


differences between deaf-mute and normal boys are represented by relative 
“ы "ү ] a ое 

deviations of the former from the latter. So as to make clear the degr 

of divergence, the normal sex differences in physique are also figured. 


а 
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Physique, Whereas the deaf-mutes have 
Stature, considerably narrower shoulders, 

thighs (even more slender than in the 


subcutaneous fai it greater than in the normal 


boys, Thus, all of the nine measurements tend to approximate those 
of the normal girls, 


slightly shorter limbs and 
and very slender arms and 


normal girls), hip breadth апа 
thickness are. somewh; 


Motor function. Static balancing ability is quite defective (table 1). 


TABLE 1 


Static balancing ability of deaf-mute and normal boys 


NO. STANDING DURATION (IN SECONDS) PERCENTAGE 
0-9” 10-x” ОЕ (10-x") 
Deaf-mute 5g 53 5 9.4 
Normal 119 19 100 84.0 
Р 01 
Correlation between balancing ability and the degree of hearing-loss 
18 not so close as was expected (r= .25). 
xcept in reaction time, the deaf-mutes are significantly inferior in 
manual and finger dexterity, motor speed, hand grip and jumping (as 
Se 


(Р 


en in figure 1). 


r 5 5, а “ : 
The deaf-mutes seem to be somewhat inferior in left eye-closing 


90). (table 2). 


TABLE 2 


The results of the eye-closing test 


B PERCENTAGE 
n _ NO. EYE UNSKILLFUL SKILLFUL OF SKILLFUL 
Deaf-mute 54 right 26 28 51.9 
left 26 28 51.9 
Normal 119 right 55 64 аз 
E 2399щ left 43 16 03. 
"ve H B B H af 
ац Teney 9f left-handedness is significantly higher in the deat 


8 (table 3). 
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TABLE 3 


Frequency of left-handedness 


хо. LEFT-HANDED PERCENTAGE 
Deaf-mute 58 11 19.0 
Normal 119 6 5.0 


Po 


DISCUSSION 


Physique. Extreme smallness of the circumferential measures, es- 
pecially of wrist girth, and more than normal thickness of fat clearly 
indicate the weakness of muscle and/or bone. In view of the well- 
known fact that exc 


ssive deposition of fat is usually controlled by 
muscular activities, the lack of ordinary body movement appears to be 
one of the factors leading to such a deviant development of the deaf- 
mute body. 

Further, the general concept of the deaf-mute body form (that is, 
almost normally long and strikingly slender, but considerably adipose) 
reminds us of the physique resulting from retarded metabolism, as in 
the case of thyroid hypofunetion. In this regard, it is also possible 
that the metabolism and action organs of normal people are, in every 
ordinary movement, repeatedly encouraged by labyrinthine (vestibular) 
stimuli via sympathetic nerve activity, and that a similar but lesser 
effect may be produced by auditory stimuli. Therefore, it would be 
quite natural for deaf-mutes, who lead rather inactive lives and receive 
neither vestibular nor auditory stimuli, to have lowered metabolie fune 
tion and resulting physique of the type described above. 

As shown in table 4, fat thiekness and static balancing ability ot 


TABLE 4 


Correlation between fat thickness and static balancing ability 
of deaf-mute boys 


FAT THICKNESS STATIC BALANCING 
(ABDOMINAL) BAD (0-2") coop (3"-x) TOTAL NUMBER 
thin (x-8mm) 7 13 20 
thick (9-x mm) 9 3 12 


^ 
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the deat-mutes ate significantly correlated, and thus Support this 
interpretation. 


Moreover, some feminine tendencies may be noted not only in the 


absolute but in the relative measures (table 5), 


TABLE 5 


Hip-shoulder index and arm-leg index 


NORMAL, DEAF-MUTE NORMAL 


hoys ROYS GIRLS 
Hip breadth/shoulder breadth 712 760 784 
Arm length/leg length 812 798 198 


These also can be interpreted as probably due to the lack of mascu- 


line, ор Active and catabolic tendencies in the deaf-mute metabolic and 
*Utonomie balance, 


If these interpretations are correct, similar factors might be taken 


Into account in analyzing the normal body form. 


Motor functions, As most of the deaf-mute boys have defective 
labyrinths, they find Static balancing very dificult. Jumping ability is 
ceed both by the defect in balancing and weakness of muscular 
$ evelopment, ` й 
Xterity of manual and finger movements is inferred to be 
f an undilferentiated Broca’s area in the brain, because lesion 
© Cerebral Speech area is known to produce the symptom of apraxia 
"Ind of motor confusion) as well as motor aphasia. 

Simple on en recognized in pian oe p Mae 
hand, = Automatic Омет аге рег "o ^. | н eh у 
right | Intensive Or Integrative movements are ош y: va ien 
of Qj "and than by the left. From this point of view, the rig ш. 

Pe deaf-mutes which are normal in reaction time but quite weak in 
hana. "e ngth and other complex movements, ean be jeg ا‎ 
Mute ? norma] People. The high frequency of left- anded r4 zn E 
These People has long been known and is also bees at ~ 
Tevea] Me together with the results ii y pesi. 3 [ben 
етер in of development of right-left differen 

Unetion, which is also confirmed by table 6. 


It has be 


314 BIN YAMAGOCHT 


TABLE 6 


Left/right ratio of grip strength 


No. MEAN 5? 
a ee fee (CMM TEM 
Deaf-mute 27 95.63 207:2 
Normal 115 90.48 ШЕП 


P < .05 (according to Aspin's test) 


From the above considerations, we are led to the conclusion that 
the motor function of the deaf-mute brain corresponds to that of the 
normal right hemisphere, which, lacking the speech area, is not so 
highly integrated as the left. This not only shows the closeness of 
relation between manual function and speech development, but will give 
some suggestions and perspectives for analysing the differentiation and 
evolution of human physical functions. 


SUMMARY AND CONCLUSION 


Physique and motor functions of the 58 deaf- 
pared with those of normal boys and girls. 
follows : 


mute boys were com- 
The conclusions are as 


1) Body form of deaf-mutes, which is characterized by extremely 
slender limbs and thick subcutaneous fat, resembles that of persons whose 
metabolic rates are somehow lowered and thus approaches the feminine 
type. This seems to be a result of metabolic retard 
generally sedentary nature of deaf-mute life. 

2) Motor functions are generally lowered, 
data has revealed a lack of development of the 
especially of functional right-left differentiation, 
to the lack of a speech area in the deaf-mute br 


ation caused by the 


Detailed study of the 
cerebral] motor function, 


Which can be attributed 
ain. 
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THE RELATIONSHIP BETWEEN THE OCCUPA- 
TIONAL STATUS OF INDIVIDUALS AND THE 
SEX RATIO OF THEIR OFFSPRING * 


BY HARRIETT L. FANCHER 


Department of Zoology, University of Missouri, 
Columbia, Missouri 


'T is generally believed that sex in man is chromosomally determined. 

Cytological observations indicating the presence of two X-chromo- 
somes in the female and an X and a Y chromosome in the male, as well 
as the typical inheritance of sex-linked characters, strongly support this 
view. The sporadic occurrence of pedigrees with unusual sex ratios or 
with abnormal sex types is ordinarily not considered to be contradiction 
to the above theory; such cases are, in fact, often explainable on the 
basis of simple X-Y sex determination. 

Recently, however, Bernstein (54) has proposed a new theory of 
sex determination for man. Based on the observation that males in 
“masculine” occupations have a higher percentage of male offspring 
than do those in “feminine” occupations, it is postulated that there 
exist genes for masculinity and femininity, а preponderance of one type 
over the other in an individual expressing itself phenotypically in the 
choice of occupation of that individual, on the one hand, and in the 
sex ratio of his offspring, on the other hand. Because the existence of 
such factors, acting either independently of an X-Y sex-determining 
system, or in conjunction with it, would provide a new insight into 
problems of sex determination in man, it was decided to make a study 
of the sexes of the children of parents in different occupations to ascer- 
tain whether the original observations that sex ratio of offspring was 
correlated with occupational status could be repeated. 


* This work was supported by a grant, G-1671, from the National Science 
Foundation to the Rocky Mountain Biological Laboratory. 
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FATHER'S EFFECT ON SEX RATIO 


«u. Method. The 1954 edition of Who's Who in America provided 
A tabulation was made of the sexes 
of children, in the order in which they were given, for the occupational 
groups listed below. The names of the children were taken as indicative 
of their sex. This procedure, which, unfortunately, is the only feasible 
one, must be subject to some error since masculine names may be given 
to girls and vice versa. In those instances where an ambiguous name 
(Мат 
made allocation to one sex difficult or impossible, the sibship in which 
it occurred was excluded from the tabulations. The frequency of such 
cases was about one in two hundred, the proportions removed from each 
oceupational class being approximately equal. 


the basie data for this analys 


in, Lynn, Jean) or an uncommon one (Zola, Leunis, Chlotele) 


b. Classification of Occupations. The relative masculinity of indi- 
viduals in the occupations studied was arbitrarily taken as that given in 
the study of Terman (36). The groups designated as masculine were: 
engineers (architects), bankers, business (manufacturers, salesmen), 
lawyers (judges) ; the groups designated as neutral were: teachers (pro- 
fessors, scientific workers, college executives), doctors (dentists, psychia- 
trists. ete.) ; and the groups designated as feminine were: authors (artists, 
musicians, editors), and clergy. In any case where an individual could 
not be assigned to one of the above groups (as, for instance, an under- 
taker who might be considered a businessman, and therefore masculine, 
a professional worker, and therefore neutral, or an artist, and therefore 
feminine), his progeny were exeluded from the tabulations. 


c. Results. Table 1 gives the sex ratios for the various occupa- 
tional groups... Chi-square test for heterogeneity reveals no significant 
differences Irom expectation, either when the values are considered 
individually (0.2 > P > 0.1) or when they are grouped into masculine, 
neutral. and feminine classes (P > 0.3). Not only do the data fail to 
substantiate the previously described correlation of masculinity of the 
father with sex ratio, but there is not even a trend in that direction, 
despite the fact that the total numbers here (49,600) are considerably 
larger than those of the earlier studies cited above (8,400). 

It is of ecnsiderable interest to point ont here the rather remarkable 
agreement between the overall sex ratio arrived at by this method, .5194, 
and that obtained from birth data from the Bureau of Vital Statistics, 
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5142. This serves to validate the method and suggests that errors in 
classifying the sex of children by their names must be rather infrequent 
and largely compensatory. 

TABLE 1 


Nez ratios for various occupational groups 


OCCUPATIONAL TOTAL NUMBER TOTAL NUMBER 


GROUP OF HOYS OF GIRLS SEX RATIO 
Masculine 
Law 1624 
Business 4106 
Bankers 1736 
Engineers 2199 
Total 9665 
Neutral 
Teachers 8923 8375 516 
Doctors 2405 2191 024 
Total 11328 10564 517 
Feminine 
Authors 3008 2654 531 
Clergy 1719 1709 511 
Total 4787 4363 523 
Overall Total 25780 23855 519 


MOTHER'S EFFECT ON SEX RATIO 


a. Method. The source of the data here was Who's Who among 


American Women, 1939 edition. The considerations mentioned above 
with respect to the classification of the sex of offspring apply here id 
—— 
š SSL, с ] 1 
b Clas ification of Occupation. Women were classified as masculine 
or feminine according to Terman’s vati 
son 


m ng of their occupational group. 
The groups classified as n ч | 


lasculine were: scientists, business women, 
lawyers, lecturers, educational executives 


feminine were artists, authors te 
tion was the large group of 


ete. The groups classified as 
achers, ete. Excluded from considera- 
š 1 clubwomen, since the decision as to the 
relative masculinity of their field of interest (as, for instance polities 
versus flower arranging) could be highly арабе | ` 


Rs 
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In most cases, the biographical sketch included the occupation of the 
husband so that he, also, could be classified as in the preceding study. 
€. Results, Table 2 gives the sex distribution of offspring of women 


TABLE 2 


Sev distribution of offspring of women classified as 
masculine or feminine 


TOTAL NUMBER TOTAL NUMBER 


OF BOYS OF GIRLS SEX RATIO 
Masculine 640 493 
Feminine 


643 530 


classified as masculine or feminine. There is no significant difference 
between the two groups: a Chi-square test gives a P value between .10 
and .05. In any ease, the direction of the deviation is opposite to that 
predieted by the hypothesis of masculinity and femininity factors. 

For that smaller number of cases, where the classification of the 
male parent was also possible, the breakdown is given in table 3. Here 


TABLE 3 


Ner ratios for masculine, feminine, and neutral breakdowns 
of husband's occupation in “ Womens Who's Who” 


TOTAL NUMRER TOTAL NUMBER 


OF BOYS OF GIRLS SEX RATIO 
Masculine O44 613 512 
Neutral 426 429 498 
Feminine 278 241 536 
Total 1348 1283 512 


again, the deviations in sex ratio of the three categories of males are 
not significantly different from the expectation based on the overall 
mean (0.5 > P > 0.3). 


DISTRIBUTION OF THE SEXES WITHIN FAMILIES 


а. Method. Because the sex of each child was recorded in the order 
in which the children were named in the biographies, it was possible to 
enumerate the frequencies with which the different distributions occurred. 
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They are given in table 4. The letter B represents a male birth, G a 
female birth, with their sequence indicating the order in which they 
are listed. (Excluded from this table are the single child familes of 
which there were 2259 with one boy and 2211 with one girl.) 

Two deviations from expectation are obvious in the raw data, and 
prove to be significant when tested statistically. The first is the 
deficieney of like-sexed sibships in families of two, and the second is 
the excess, in families of three, of cases where the first two children 


TABLE 4 


Distribution of children in families of size two through four 


SEX OF FIRST TWO CHILDREN BB 


BG GB GG 

Number of two-child families 2006 2161 2012 1715 
Sex of third child in B 771 597 576 648 
three-child families G 723 555 522 666 
Sex of third and fourth BB UT 143 138 133 
children in four-child BG 161 117 116 127 
families GB 123 132 124 127 


GG 148 143 107 125 

Sexes of the first two 
children in families of 4109 3848 3595 
sizes two to four 


are like-sexed. It may be surmised, as has been done by previous 


workers, that parents with two children of like sex are more likely to 
have a third child than are those with one of each sex. 

To differentiate between this hypothesis and the possibility that 
there is a non-random distribution of sexes in the first two children, 
it is necessary first to determine whether the distribution of the sexes 
of the first two children in all families agrees with the expectation. 
A simple binomial distribution of the form 1° + рд + q? may not 


provide the appropriate expectations because the sex ratio is not the 
same for the first and second children. It is, however, possible to derive 
the sex ratios for the successive children from the data themselves, 


allowing for the insertion of this information into the expectations by 
decreasing the degrees of freedom in the statistical analysis. Thus, from 


table 4, the sex ratio of the first child is (4109 + 3848) /15093 and for 
the second (4109 + 3595) /15093, or .5272 and .5104, respectively. The 
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expectations for the BB, BG, GB, and GG combinations then become 
(5372) (5104), (5272) (4896), (4728) (5104) and (31728) (.4896), 
respectively, Multiplied by the total of 15093, these give expectations 
each of which differs from the corresponding observation by only 47.5, 
leading to a Chi-square value of 2.40 which, with one degree of freedom, 
corresponds to a P value between 0.2 and 0.1. 

There is a slight (not significant) deviation in the direction of an 
excess of BB and GG combinations. There is one obvious source of this 
deviation: the oceurrence of monozygotic twinning. Since the frequency 
of this type of twinning for the United States population is about three 
per 1000 (Enders and Stern, 48), it сап be estimated that about 45 
such cases should have occurred in the sample under consideration. 
Apportioning those among the BB and GG classes according to the sex 
ratio of the first birth (.5272) gives 24 BB and 21 GG twin pairs. The 
Chi-square analysis of the revised totals obtained by subtracting the 
estimate of the twins from the totals gives a P value between 0.3 and 0.2. 


CONCLUSIONS 


It has not been possible to confirm the observations of Bernstein 
that males and females in occupations classified as “masculine” have 
more male offspring than those in “ feminine” occupations. The number 
of males in the analysis presented here has been about 6 times as large 
as that of the earlier work. No suggestion can be offered to account for 
the disagreement of the two analyses. In view of this lack of confirma- 
tion of йй effect of masculinity on sex ratio, it would appear appropriate 
to retain, for the present at least, the concept of an У-У sex-determining 
mechanism in man, without the influence of additional genetic factors. 

As in previous studies, there appears to be a pronounced deficiency 
Of like-sexed sibships of size two, and an excess over expectation of 
families of greater size in which the first two children are like-sexed. 
This is undoubtedly eorreetly interpreted as a greater tendency for 
parents with two children of like sex to have an additional offspring 
than for those with one child of each sex. However, when all families 
up to and including size four are taken together, there is no evidence 
that the distribution of the first two children is anything but random. 
This does not agree with the conclusions of Bernstein (752), whose data 
indicated a non-random distribution of the two sexes in the first two 
children of families of all sizes. However, the calculation of the expec- 
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tations in that work was based on the binomial distribution. which 
introduces a source of error because the sex ratios for the first and 
second children are different and, further, the simple correction for 
twinning was not made. In any case, the sample size here is about 
twice as great and should have revealed any tendency for unisexual 
sibships to occur if they are, in fact, so frequent as to be obvious in 
smaller samples. 
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A DEMOGRAPHIC STUDY OF A DINKA VILLAGE 


BY D. F. ROBERTS 
Anthropology Laboratory, Department of Human Anatomy, 
University Museum, Oxford 


MONG the Dinka tribes of the southern Sudan living to the north 
A of Malakal, sometimes referred Чо collectively by the name 


Padang, the permanent wet-season villages are nucleated and concentric 
in pattern. The villages, with their patches of cultivation nearby, are 
separated from each other by usually a few miles of open grass and 
occasional serub, ‘Though infrequent isolated homesteads do oceur, the 
basie territorial and political unit; neighbouring villages 
into tribal segments, and several such form a tribe, occu- 
pying a continuous territory, whose members formerly united for military 
purposes in сахех of intertribal disputes. ‘The settlement pattern thus 
differs from that characteristic of other Dinka, amongst whom the home- 
1 village are spread out over à large area, while the 


village is the 


are grouped 


steads comprising : 
territorial organization is in essence similar. 

Interwoven into this territorial pattern is the clan and lineage system 
of the northern Dinka. Every man is considered as a member of a 
lineage tracing descent (though incompletely) from a particular legen- 
dary ancestor; these ancestors are regarded as the decendants of others 
further back in time until the original founder of the tribe is reached. 
Hence, the various lineages are aranged in groups of increasing inclu- 
est category specifically named, the gol, up to 
the maximum grouping of the hierarchy, which corresponds to the 
political entity of the tribe. The diagram {figure 1) illustrates the 
system as it obtains among the Ageir Dinka. With each din a group 
of villages is associated, each village being primarily the residence of 
one or more gols or sometimes part of a gol. This is not to say that all 
a particular village, but that the majority 


siveness from the small 


members of a gol reside in 
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of them do. Thus, gol Pagak is concentrated primarily at the village 
Pagwot, gol Daknyang at the village of Lek. The lineages play an 
extremely important part in Dinka life; the personal relationships of 
individuals, the arrangement of dwelling houses (see figure 2), the 
grazing of cattle, and numerous other matters are to some extent influ- 
enced by the lineage structure. From the demographic point of view, 
one of its most important functions is in its regulation of the breeding 
pattern. Marriage is prohibited within the gol, but is allowed within 
the din and higher categories, provided that the partieipants are not 
closely related on the female side: for example, in gol Daknyang a man 
of the Pangok lineage may not marry the daughter of one of Paluak or 
Pajoong lineage, but a man of gol Pakirbe may marry a girl whose father 
is of gol Payie provided that they are not close relatives on the maternal 
side. 

Of these and {һе several other modes of social groupings which go 
to make up the northern Dinka social structure, the village is the most 
practicable unit for demographie study. Both sexes and all ages are 
included and, with the existing settlement pattern, there is little difficulty 
in distinguishing its members. But the wet-season villages are by no 
means permanent. Apart from the membership changes due to birth 
and death, neweomers take up residence, established individuals move 
away—changes which are reflected in the building of new huts and 
destruction of old ones. Superimposed on these are the regular fluctua- 
tions, the seasonal movement of population between village site and dry- 
season cattle camp, the seasonal influx of Shilluk for grain, and the 
irregular short-period changes in the actual individuals to be seen in the 
Village due to the veritable stream of visiting that occurs and to the 
various activities that necessitate an individual’s absence from his village. 
The aim of the present study is to describe the demographic state of a 
Village at a particular time in the hope that some measure of the extent 
of such fluctuations may eventually be obtained. 

The village surveyed, Tir, lies some 100 miles N.E. of Malakal and 
21 miles E.N.E. of Melut, latitude 10°32’ N., longitude 32°29 E. It is 
a vilage of din Rawan of the Abuya section of the Ageir tribe, and 
is the wet-season residence of two gols, Yirweng and Magwar. The 
following results refer to the demographic situation during the second 
Week of January 1954, shortly before the move to the cattle-camp 
commenced. At this period the village, of about average size for the 
Ageir, consisted in its material aspects of 129 buildings, of which 5 
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Sketch plan of village showing grouping of huts by lineages . 


O Byre Ө Dinabo/ | viwe 
O Living house e Brahnok HE 
® Chicken house © Pajue 
. Shelter Ө Dinaler } а ий 
XO. Under construction © Dinacien Pagak 
© Others 
Fie. 2. 


Lineages shown are: 
for wives, that of the husband; 
for women with husbands elsewhere, that of the woman’s father; 
for widows, that of the late husband or of the woman's father. 
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were in various stages of construction, and two were destroyed during the 
week 29 of these were byres, built as such, two were geus or shelters, 
9 small huts were used as kitehens, store houses, or quarters for sheep 
and goats, and there were S+ huts actually lived in by families. The 
hut plan is given in figure 2. In addition there were a number of less 


S, 


solid structures, chicken houses, granaries, and open folds, not indicated 


on the plan. 
METHOD 
To obtain any form of personal information from people such as the 
Dinka is by no means easy. V Dinka is to some extent distrustful of 
outsiders, of ihose of lighter skin colour since the memory of the slave 
the time of the Mahdiya is still strong, of Europeans from 
at matters such as taxation, 


raids in 
their association with various less ple 
cattle and government interference with the established 


injections of 
pattern of Dinka behaviour, There is always the possibility of magie 
in any process not understood—sueh at least was the very outspoken 
especially on the part of the women and old men) 
on the drawing of the hut. plan. But the main source of difficulty lies 
in the extreme independence of spirit of the individual, the product and 
the basis of the Dinka social pattern wherein self-reliance is at a pre- 
A Dinka at home will do nothing unless he wants to, or unless 


vehement comment ( 


mium. 
the elders of his lineage persuade him. 

The use of question and answer on such matters as whether a man 
has children, the name of his wife or brother, or even quite frequently 
his own name, may therefore be expected to elicit, in those instances 
where a complete refusal to respond is not the outcome, frequently 
es or at best partial answers, For the same reasons 
attempts at enumerating the occupants of huts meet with considerable 
Opposition : nor would a census sO conducted provide satisfactory results, 
for in the huts sleep only emall children, unmarried girls, and the 
women and some of the husbands; older boys and unmarried men sleep 
in the byres, where are also to be found a proportion of the married 

j asily spoken of, rendering diffieult any dis- 


men. The dead are not e } 
cussion of mortality. ‘The only satisfactory method of obtaining demo- 


graphie data is by direct observation, the basie technique of the field 
anthropologist who has much to contribute to demographic studies of 


fictitious repli 


Primitive peoples. i 
The last was the method employed. The first few weeks of residence 


in the village were occupied in getting to know the inhabitants by sight 
ge 
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and name. Only when all the adults and the majority of the children 
could be so identified, and the remainder of the children assigned ie 
their respective parents, were the inhabitants listed. Ages of children 
and about half the adults were estimated from their dental state, sup- 
plemented by reference to events remembered and, in the case of the 
males, to the formal age-set system; from comparison with these indi- 
viduals, the ages of the remainder could be assessed, supplemented by 
the evidence of their external appearance. The method is laborious and 
time-consuming, but the results obtained may be regarded as being as 
accurate as possible in the circumstances. 


RESULTS 


The total population of the village at the period of survey was 375 
individuals. This figure does not include visitors to ihe village, but 


` 
TABLE 1 
Age structure and ratio of females per 100 males of the population, 
by assessed age 
AGE TOTAL MALES FEMALES FEMALES РЕН 100 MALES. 
0-4 71 33 38 \ Y = 
5-9 53 28 25 > 101.1 
10-14 55 28 27 f 982 
15-19 43 23 20 
20-20 60 29 31 | 
30-39 42 18 24 „ dies 
40-49 27 11 16 110.8 | 
50-59 15 7 8 118.5 ` 
60-69 3 1 2 121.7 
70+ 6 4 2 | 
2 
тош 375 — 182 103 NNNM (Hua 


includes those individu 


t als regarded as members of the village who were 
temporarily absent v 


isiting or on other matters. Expressed on the basis 


of heads per hut, there were averages of 3.02 individuals per complete 
Structure, and 4.46 per living hut. 


The population consisted of 182 
overall ratio of 106.0 females per 1 
given in table 1, 


males and 193 females, giving an 
d 00 males. 'The age-composition is 
JJ 9-year age groups for the younger individuals, by 
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10-year groups for adults. The mean age of the community is 20, less 
if deaths within age groups are allowed for. Forty-eight per cent of 
the population is under 15, less than 2° over 65. Table 2 gives the 
üge-strueture of sections of the population, of the adult male population 
as classified by the age-sets, and of the children and unmarried young 


adults under 20 according to dental state. From the age-structure there 


TABLE 2 


Age structure of sections of the population by objective criteria 


MALES ПҮ 4 


Age set Age No. married No. unmarried 
Awaugor over about 70 4 эе 
Tilik over about 60 1 = 
Maniel over about 38 19 = 
Ajing young men 27 26 

boys — 105 


CHILDREN AND UNMARRIED YOUNG ADULTS (UNDER 20) BY DENTAL STATE 


Dental state Males Females Total 
Incomplete deciduous dentition 16 18 34 
Complete deciduous dentition 20 21 41 
Some permanent dentition зо 33 72 
Complete permanent dentition 

except for third molars 34 29 63 

3 2 5 


Complete permanent dentition 


is apparent a general tendency for increase of the ratio of females to 
males with age. For children under 15 years of age it is 101, for sub- 
adults and adults of 15 and over but under 50 it is 112, for adults of 40 
and over it is 122. 

The conjugal condition of the population is shown in table 3. 
“Those oceupied in leviratie unions" refers only to those couples in 
Whieh the sexual aspects of the levirate (as distinet from the social 
aspects, the assumption by the male or legal responsibility for his 
brother’s widow) are being realized. The first division of the table 
gives the present breeding population of the village. In the second 
division, referring to those who were formerly members of the breeding 
population, “ widowed ” is used for want of a better term; the married 
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elder brother of the man in question died without issue. the younger 
brother (Gor) inherited the wife and of this union a son was born, after 
which the woman died; Gor therefore is here considered as a former 
member of the breeding population. Of the widows, at least х had lost 
their husbands within the last three years. Table 4 shows the state of 


TABLE 3 


Conjugal condition of the population 


POPULATION MALES FEMALES 
Present Married and those occupied Married and those occupied 
in leviratie unions 4T in leviratie unions 55 
Married with husbands in 
other villages 6 
Past Widowers and those “ wi- 
dowed" by decease of Widows 28 
leviratie partner 4 
Divoreed 1 
Unmarried 131 103 
Total 182 193 
TABLE 4 


Polygamy state 


Married men with ] wife in the village 40 
Married men with 2 wives in the village 6 
Married men with 3 wives in the village 1 


polygamy within the village, but does not include those men who kept 
one wife in Tir and another elsewhere, Table 5 shows the marital state 
by age. Whereas two-thirds of the men in their twenties are unmarried, 
all girls are married by this аде, and the figures suggest that the average 
age of first marriage for men js about 27 and for girls about 18. The 
percentage of widows to each age-group of the female population inereases 
steadily with age, from 13% at 20-29, 44% at 40-49, to 100% at over 
60. Asterisks indicate the situation in the age structure of the males 
with more than one wife in the Village; the restriction of this practice 
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"ud 
to the older age-groups is obvious. Some others of the middle-aged 
men are also polygamous, their second wife living elsewhere ; this distribu- 
tion of wives accounts for 5 of the 6 women in table 3 whose husbands 
live in other villages (ihe sixth woman was newly married and had not 
yet gone to her husband's village). 
' The extent of the network of the marital links between Tir and 
other Dinka villages is shown in table 6 for a sample representing 
TABLE 6 Ри 
t 
Marriage pattern observed in the village, by birthplace and clan of the spouses, f 
of the present generation compared with that of the previous generation | 
PRESENT PREVIOUS —— 
MARRIAGES GENERATION GENERATION 
Within Tir 3 3 
Tir with Pagwot 3 2 
Within din Rawan 6 THNTE 
Tir with Rom villages 7 0 1 | 
Tir with Nyakwei villages 1 2 
Between dins within wut Abuya 8 EL 
Total within wut Abuya 14 1 
Tir with Ageir villages 16 12 
Tir with Niel villages 8 0 
Tir with Beir villages 2 1 
Pagwot with Ageir and Niel villages * 2 1 
Between wuts within tribe Ageir 28 "ТД - 
Total within tribe Ageir 42 21 
Tir with villages of tribe Dunjol 2 0 
Tir with villages of tribe Abialang 6 6 
Tribe Ageir with Villages of tribe Abialang * 1 1 
Between tribes of Padang Dinka C» ow 
Total within Padang Dinka 51 28 
Tir with other Dinka tribes 0 
Tir with Nuer 0 
Total sample 51 


* Resident in Tir. 
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existing unions and survivors of unions; to these the column “ present 
generation “ refers, while the column “ previous generation” refers to 
informants’ parents now deceased. Numbers are too few for any signifi- 
cance to be attached to the individual entries, but the totals “within 
wut Abuya,“ “within tribe Ageir" and “within Padang Dinka,” show 
that there has been little change in the marriage pattern between the 
two generations. Table 7 compares these totals for the present genera- 
TABLE 7 


Marriage pattern of Tir compared with that of other Ageir Dinka—present 
generation 


Tin OTHER AGEIR DINKA 
ست‎ 

Total within din 6 5 
Total within wut 4 15 
Total within tribe 42 46 
Total within Padang Dinka 51 58 
Padang Dinka with other Dinka — — 
Padang Dinka with other peoples — 1 

51 59 


Total sample 


tion of Tir with those obtained for a sample of 59 present generation 
mitings noted in other villages of each of the four sections of tribe Ageir. 
The marriage pattern is very similar in the two samples, and Tir appears 


to he representative of the Ageir in this respect. 
Data relating to reproduction are given in tables 8-11. That fertility 


TABLE 8 


Fertility ratio (children under five per 100 women aged 15-49) compared with 
| ratios for some other populations 


m Tir 78.0 


Algeria Moslems (1948)* 631 
United States (1950)? 42.3 
Hutterites (1948)? 96.9 
Papago (1952)? 51.7 


* United Nations Demographic Yearbook ('51) 
° Eaton and Mayer (753) 
* Jones (753) 
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TABLE 9 


Offspring per female member of breeding population, present and past, 
by age-groups 


AVERAGE NO. OF OFF- 


MATERNAL NO. OF AVERAGE ХО. OF SPRING REMAINING IN 
AGE FEMALES SURVIVING OFFSPRING VILLAGE 

15-19 7 14 14 
20-29 31 1.94 

30-39 24 3.79 

40-49 16 3.69 * 3.44 
50-59 8 1.88 
60+ 4 2.00 


* These figures are probably underestimates on account of omission of some of 
the offspring married away from Tir. 


TABLE 10 


Number of live births per woman 


NO. OF TOTAL NO. AVERAGE NO. OF 
MOTHERS OF LIVE BIRTHS LIVE BIRTHS 


Number of live births for 8 women 
aged 40-50 8 


43 5.38 

Number of sibs remembered by 20 

males whose mothers attained late 
adulthood 20 101 5.05 
Total 28 144 5.14 

TABLE 11 
Surviring family size * 
Е NUMBER OF OFFSPRING NUMHEROF 7 d 


SURVIVING WOMEN 


0 11 
1 16 
2 9 
3 21 
4 23 
5 


9 
5 1 


* Some offspring married away from Tir may have been omitted from this table. 
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is high but not unusually so is shown by the fertility ratios in table 8. 
Of the married women without children, there was only one woman 
who was not described as newly married; she was divorced. "here were 
two pairs of twins among the children under 15, giving a rate of 
multiple births (assuming no differential mortality) of 1 in 88.5. Table 
9 provides satisfactory fertility information only for the first {йв age- 
Eroups, as at maternal ages of 40 and above the number of offspring 
Married away from Tir inerea While both these tables represent 
Surviving offspring. table 10 records the numbers of live births for a 
small sample of women who have almost or actually attained the end 
of their reproductive span; the last may be less reliable, since the 
information was obtained during discussions with individuals, with the 


TABLE 12 


Child mortality in a sample of 8} women 


NO. OF TOTAL, DEAD AS 
MATERNAL AGE WOMEN CHILDREN BORN NO. SURVIVING NO. DEAD % OF TOTAL 
15--19 3 1 1 0 0 
20-20 13 26 25 1 3.8 
30-30 11 40 42 7 14.3 
40-49 8 43 30 13 30.2 


attendant risks of concealment and forgetfulness on the part of the 
informants. Tlowever, the two estimates, one of children born and the 
Other of brothers and sisters remembered, are very close. Table 11 is 
Of interest despite its deficiency in reliability on account of the probable 
omission of some offspring married away from Tir, on several counts. 
It demonstrates the rarity of occurrence of a woman with more than 
5 children surviving; a fairly high modal family size; and a low incidence 
of small families—such as there are include one widow of over 60 with 
and 5 women over 45 with but one surviving 


no surviving children, 
child each. 

The information concerning mortality given in tables 12 and 13 was, 
like table 10, again derived from questioning, and may again be biased. 
However, in the majority of instances answers were checked and rechecked 
Against those obtained on other occasions and from relatives of the 


informants, | Error, in that the number of children born (table 12) and 
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the number of sibs who reached adulthood (table 13) may be under- 
estimated, is in one direction, and accordingly the final columns of 
5 2 ` . + H " 
both tables are to be regarded as minimal estimates. 


TABLE 13 


Adult mortality as estimated from a sample of 19 individuals 


TOTAL NUMBER OF 


SIUS WHO NO. OF NO. OF % OF 
HAVE REACHED ADULTS SIRS SIS 

ADULTHOOD SURVIVING DYING AFTER DYING AFTER 

INFORMANTS NO. OF (INCLUDING (INCLUDING REACHING REACHING 

AGE INFORMANTS INFORMANT) INFORMANT) ADULTHOOD ADULTHOOD 
20-29 5 16 14 2 12.5 
30-39 7 29 2: 6 20.7 
40-49 7 31 17 14 45.2 
50-59 2 11 ü 5 45.5 


TABLE 14 


Effective population size, variance of random genetic drift, admixture rate, and 
average inbreeding coefficient in the villaye, primary section, and tribe 


Тїн ABUYA SECTION — AGEIR TRIBE 


Total population 375 1300 13400 
Effective population size (Ne) 109 380 3913 
Random drift per generation 
(Paa) (where q = .5) .001146 -0003292 -00003195 
Admixture rate (m) 50 35 Hal 
Nem 55 133 430 
Average inbreeding coefficient (Е) 00153 -00096 -00049 
DISCUSSION 


The demographic pattern. 


In 1955 the first attempt at a census in 
results yet unpublished, and there is little o 
tion available for comparative purposes. 
African data as are made during the course of this discussion are for 
purposes of illustration only and are not intended to be comprehensive. 
Further African data will be found in Kuezynski’s compilations. In 


the Sudan was made with 
ther demographic informa- 
Such comparisons with other 


| 
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situations where direct census is difficult, an indirect method such as 
estimation from the number of huts may give a more reliable indication 
of the size of the total population. Provided that a series of samples, 
such as the present, is available to enable the estimate to be made there 
Seems no reason why a tribal count should not be obtained even from 
air photographs. The second figure given (heads per living hut) would 
be more useful for such an estimate, since the number of individuals 
per complete structure is affected by the cattle wealth of the population. 
The average of 4.46 observed here should not necessarily be taken as 
indicating overcrowded unhealthy conditions; the greater part of the 
daytime life is lived out of doors, and at night the older boys and some 
of the married men sleep in the byres, while older children in a large 
family may sleep in other huts with relatives and friends. The interiors 
of the huts are clean and sufficiently spacious for their purpose, and 
there is many a civilized family in urban Britain with more cramped 
and less healthy sleeping quarters. 

The village is small, and accordingly too much stress should not be 
laid on the individual figures, but rather on the general trends they 
demonstrate. Е А 

Although the total ratio of females рег 100 males of the village is 
rather high by comparison with the tribal ratios from 1948 census data 
of southern Nilotes (Kenya Luo 101.4, Uganda Lango and Acholi respec- 
tively 101.8 and 102.6), it is by no means an improbable figure; for 
instance the provisional ratio in England and Wales at the 1951 census 
Was 108.1. Increase of the ratio of females to males with age is a 
Normal phenomenon, reflecting the more hazardous pursuits of the male 
Sex. TEE 
The ages of individuals are of course estimates, and the possibility 
of some error should not be overlooked. Nevertheless there is Е ШШЕ 
of the agedness of the eldest individuals. Abukjok and Nyikang, 


members of Awaugor age-set, were adult men at the time of ths 
Mahdiya, which, since the battle of Omdurman occurred in 1898, makes 
them at least 70 years of age; Akok, a member of Maniel age-set, was 
brought to Tir by his father at that time, which makes him at least 55. 

he age structure of the village demonstrates either that the community 
is expanding, or that there is high mortality throughout the population 
"mounting to a steady loss of one-third of the population in each 10- 


Year age-group; that is to say that of every 45 individuals who are 
now 20 years old, only 30 will attain the age of 30 years, and of these 
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only 20 will reach the age of 40 years. The age-sets in table ? vary in 
chronological length; the appropriate ritual authority decides when it 
is time to cut the age-set and inaugurate a new one, and a change of 
set also occurs at his death. Since a young man takes the name of 
the set when he proves himself worthy (formerly in the fight, today by 
killing a wild animal in the hunt), no lower age limit can be given; 
several bovs of 17 and 18 were already included. 

The sex difference in average age of marriage, deduced from table 5. 
is of interest. A number of men marry later in life than they wish 
because of the need to obtain cattle for the bridewealth and because 
marriage of brothers occurs in strict order of age. A third son, for 
example, has to wait until sufficient cattle have been accumulated to 
marry off his two elder brothers before his own claims may be considered, 
no matter how hard he works in the meanwhile. The most striking 
aspect of the demographic situation is the high proportion of widows. 
Considerable attention was given to these individuals as soon as it was 
realized that their number was large, and there is no doubt that those 
recorded as widows were indeed truly so. The 8 recently widowed 
referred to above were all under 40, and some at least of these younger 
widows would subsequently come to be leviratieally “ occupied ” sexually, 
and so re-enter the breeding population. Some of the older ones had 
indeed produced children to the husband by his kin after his death, but 
were no longer thus leviratically “occupied” Whether such a high 
excess of widows is usual or not is difficult to determine. The actual 
number 


is similar to the number of unmarried men between the mean 
ages of marriage of male and female,—in other words, given such a 
mortality pattern with such sex and polygamy ratios, the difference in 
mean age of marriage between the sexes may be expected to lead to the 
regular occurrence of this proportion of widows. On the other hand, 
the phenomenon may be of 
temporary elevation of the rel 
ceding yer 


а temporary nature on account of some 
ative number of females. In the two pre- 
ws Tir had been involved in serious kala azar epidemics which 
swept the area; the village could almost be described as being in a 


condition equivale mes Е 
juivalent to mourning, for no adult dances were being held 


on account of the many deaths that had occurred; and it may be, though 


there is vet little evidence for it, that there is differential mortality 
between the sexes in kala azar, Alternatively, some males may have 
left the village, for example, for work or to settle. 


tality is hi » Tuy 
Mortality is hich by European standards. The age-structure suggests 
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if the population size be static, that there is a steady loss of about one- 
third of the existing population every 10 years. The information on 
child mortality (table 12) gives a slightly lower but compatible estimate ; 
the estimate of adult mortality (table 13) is rather lower, though the 
Weaknesses of the data in these two tables should be remembered in 
making the comparison. It appears that by the time the average woman 
is 50, she has lost at least one-third of her children, and about a half 
of those among her brothers and sisters who succeeded in reaching 
adulthood, besides those who died before doing so: she has also very 
Probably lost her husband. Whereas a widower at this age would take 
another wife, io a widow would be left only the prospect of increasing 
loneliness, were it not for the close-knit ties of kinship and the practice 
Of living by the side of relatives. She still has a function to perform 
in the community; she will assist her surviving daughters to rear their 
families, some of her grandchildren will sleep in her hut—she may at 
this age find herself with another family to rear, that of a deceased 
daughter; and. using her tongue to good advantage. she will restrain 
the younger members of the community from straying from the estab- 


lished path of customary procedure. | 

By African tribal standards, however, the mortality is less depressing. 
It appears to be lighter than in a Nyasaland Bantu sample (Atonga), 
Where 156 women ‘under 25 are reported as having lost 26% of their 
children, 201 women of 25-35 had lost 39%, and 115 women over 35 
had lost 546; (Nyasaland Medical Report, 36). Another Nyasaland 
general sample of 2.159 wives “not likely to have any further Кена 
but ... not ко old as to have forgotten the details” had lost 44 /0 of 
their offspring (Nyasaland Census Report, 26). A sample eine 
rege, Tanganyika, showed that women aged 30-50 had lost 52.8% о 


i 50. 53.5% (Culwiek lwick, 39). 
their children, and women over 50, 53.5% (¢ ulwick and Cu к ) 


In the Sudan, for 67 Azande women past childbearing only 70% of their 
children had reached adulthood or were still surviving, 94 women aged 
Over 30 but who had not yet reached menopause had lost 32%, and 87 
Under 30 had lost 22 05; 39 Balanda women of the second абе-атопр had 
lost 22% and 40 women under 30 had lost 30% (Culwick, 50). Та East 
Africa, Richards and Reining (54) noted child mortality (0-15 years) 
at 33.5% and 27,967. respectively among the Taya and Baganda. From 
this brief comparison with some of the limited data available for Africans, 
it Appears that although the incidence of deaths among offspring reported 
by older women in several samples is not dissimilar to that among the 
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Dinka, child mortality reported by the younger maternal age-groups is 
less severe among the Dinka. If this is indeed so, a contributory explana- 
tion should perhaps be sought in such phenomena as the communal 
obligations to supply milk to neighbours with children but with no 
lactating cows, and to lend a cow to kin in such a position ; and to the 
way in which children receive preference in the allocation of some foods, 
especially milk and eggs. . -— 
'The evidence regarding fertility is, like the mortality data, indirect, 
but some indication may be obtained from tables 8-11. The frequency 
of multiple births appears to be similar to that found in Europeans, 
and much lower than the average of 1 in 51 obtained by Jeffreys (753) 
in his survey of African twin data. Comparison is not straightforward, 
since the incidence of multiple births is usually referred to the actual 
number of births, whereas the Dinka figure relates the survivors of twin 
births to those of single births. Since heavier mortality may be asso- 
ciated with multiple births, the Dinka figure is not incompatible with 
Jeffreys’ estimate. On the other hand, Jeffreys based his estimate largely 
on hospital records; it may be that in the small percentage of African 
births which occur in hospitals a larger proportion of the more difficult 
cases are represented, while less difficult births may be completed at 
home, so that the general average of 1 in 51 is possibly an overestimate. 
High fertility is frequently regarded as a characteristic of primitive 
populations, though over 30 years ago Carr-Saunders pointed out that 
family size in fact tended to be small in primitive human groups. While 
the samples from which table 10 is compiled are small and the informa- 
tion may possibly be biased, the average of 5.1 live births per woman 
during her reproductive period indicates that fertility is fairly but not 
excessively high and certainly does not approach the biological limits; 
compare for instance the average of 10.3 for Hutterite women in the 
United States (Eaton and Mayer, 53). The Dinka average accords well 
with other African data. In a sample of 134 Basuto women married 
more than 16 years an average of 5.60 live offspring per head was obtained 
(Basutoland Medical Report, 26). In Nyasaland 21 samples of women 
past childbearing gave averages varying from 4.6 to 8.0, with a general 
average for the whole 2,159 women of 5.64 (Nyasaland Census Report, ’26). 
The average number of live births per head in a Bechuana sample of 593 
women over 50 was 5.4 (Schapera, 754), the same figure as that reported 
for a smaller sample of 184 Kgatla women past the menopause (Schapera, 
39). A small Sukuma sample of 39 women married more than 15 years 
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had produced an average of 4.7 offspring (Tanner, 54), while the average 
for Haya and Baganda women over 45 lies between 4 and 5 (Richards 
and Reining, 54). Zande women past childbearing, 67 in number, gave 
an average of 5.6 live births per head, while 17 Balanda averaged 5.0 
births (Culwick, 720). The Dinka average is markedly affected by the 
Spacing of children, regarded as socially desirable. The spacing benefits 
the health of the mother, while the fact that all women are married and 
a very high proportion of them produce children (perhaps the main 
aim of Dinka marriage) means that the burden of ensuring the biological 
Continuity of the community is spread as widely as possible. 

The other evidence regarding fertility presented in tables 8, 9, and 
11 refers to surviving offspring, and hence is the outcome of the balance 
between fertility and mortality. The fertility ratio, despite its statis- 
tical shortcomings, again demonsirates that fertility is fairly high. The 
average number of offspring per woman by maternal age-groups (table 9) 
throws some light on the spacing of births, and makes interesting com- 
Parison with some other African samples, though differences in methods 


‘ М 
of age assessment should be remembered. In the Basuto sample 210 


Women married less than 8 years had produced an average of 1.43 off- 
Spring, while 175 women married 8-16 years had produced 3.33 (Basuto- 
land Medical Report, 26). Kavirondo women, 2,591 in number, with a 
Mean age of about 26 had produced an average of 3.03 offspring (Kenya 
Medical Report, '?2). Atonga women under 20 had produced 1.61 
children, those aged 20-25 averaged 2.44, those aged 25-35 averaged 3.99 
(Nyasaland Medical Report, 36). Kiberege women under 20 averaged 
0.92 births, those aged 20-30, 1.99 and those aged 30-50, 2.49 dining 
(Culwiek and Culwiek, 38). Haya and Baganda wares aged 35-44 
averaged respectively 2.8 and 3.8 live births (Richards and Reining, "m 
Azande and Balanda women under 30 averaged respectively 0.9 and yi 
births, while those over 30 but still capable of reproducing averaged e" 
and 4.6 births (Culwick, 50). When the lower age-groupe of the a 
Sample are adjusted for mortality (by means of table 12), the distri a 
tion of births appears to be similar to that found among the ae 

* youngest Dinka wives are not overburdened with too many birtl s 
25 compared, for instance, with the Atonga and Kiberege samples, while 
the Dinka women aged 30-50 are clearly distinguished by their Lane 
number of offspring from the samples of Kiberege, Haya, Baganda, anc 

гапе. І | 
Whether the population is numerically static is difficult to decide, 
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Four lines of evidence may be compared, namely the age structure of 
the village (table 1), the number of live births per woman (table 10), 
the offspring per female by maternal age-groups (table 9) and the mor- 
tality data (tables 12 and 13). The age structure of the village suggests 
that either the population is stable with a heavy mortality, or that 
mortality is lower and the population expanding; the maximum mortality 
would represent a loss of about one-third every 10 years, which would 
require, to maintain a numerically stable population, rather less than 
3 births per breeding woman every 10 years. Such a reproductive rate 
is compatible with the evidence in tables 9 and 10. However, ihe 
information relating to child deaths suggests a slightly lower wastage, 
and that for adult deaths indicates a rather lower mortality; it may 
therefore be concluded that the population is in fact expanding, 

Here then is the general demographic pattern to be perceived in 
this Dinka village: a low average age, a high proportion of children, 
arising from a fairly high fertility and a conjugal situation in which 
all women (and all men after a somewhat later age) are married and 
very few fail to reproduce. Reproduction of the community is shared 
by the maximum number of women and is spread over the whole of 
their reproductive span. Some polygamy and the practice of the levirate 
offset to some extent the fairly high ratio of females to males, but not 
sufficiently so as to absorb the high proportion of widows, a likely result 
of the age difference between the sexes at time of marriage. Mortality 
is fairly high, though not excessive by African tribal standards, and its 
failure to balance the fertility results in a situation of population 
increase. 


Some Genetic Considerations. 


From the data given in tables 6 and 7 concerning the marriage 
pattern, some attempt can be made to assess the extent of the biological 
intrabreeding population, i. e., that group within which most of potential 
matings are to be found (as distinet from the demogr 
population of the village—those individu | 
and from whom in their present conjugal state further offspring are 
possible). The breeding ‘isolate’ is not the village, nor the din. nor 
the tribal section, since 94%, 90%, and 74 % respectively of marriages 
oceur outside these units. Nor does it appear to be the tribe (with 20° 
outside matings): the location of Tir not far from the geographical 


center of the Ageir tribe should be remembered in this context, for the 


aphie breeding 
als who are rearing children 
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percentage of outside matings may perhaps be higher in the peripheral 
settlements of the tribe. It may well be the Padang Dinka as a whole, 
а unit comprising some 30.000 individuals (estimates quoted by Bryan 
and Tucker, 48), for in the intertribal marriages few spouses came from 
the more proximate sections of the adjacent tribe. The absence of 
marriages with Shilluk, geographically quite close to the settlements 
sampled, reflects perhaps the importance of the linguistic barrier between 
the peoples, a preference in the present Dinka generation in forging 
links with other Dinka who possess common values, and the fact that 
the prestige of a woman is measured in terms of her bridewealth, which 
among the Shilluk is usually 10 head of cattle while among the Ageir 
itis usually 20; this is not to say that unions of Dinka/Shilluk do not 
occur, but they seem to be more frequent in Shilluk villages. 

Within the biological population of the Padang Dinka, if such it be, 
the extent of the territory occupied prevents the realization of panmictic 
mating over the whole атой, as table 7 shows; a young man finds his 
Wife-to-be by attending dances in other villages; and there is in practice 
Some limit to the range he covers in so doing. Acting in the opposite 
direction, however, is the influence of the lineage system; the territorial 
localization of clans and lineages, with the prohibition on marriage 
Within the gol and between individuals related on the distaff side, tends 
to direct mating further afield and away from the localities of the father’s 
The lineage system seems to suggest that the 


and mother’s relations. 
Oceasionally a widow is 


Population is characterized by outbreeding. 
leviratically occupied by the son of her husband by another wife, though 
Such a situation is infrequent enough to affeet hardly at all the general 
outbreeding pattern. For many, however, the lineage is frequently not 
а true record of paternal descent, but is merely a convenient subdivision 
of the community—a peg on which to hang one’s activities and behaviour, 
50 that outbreeding is perhaps less than might at first seem and the 
Mating situation may not be far from random. Certainly for those 


blood groups where the heterozygote is phenotypically discernible there 
Seems to be no increase of heterozygosity over that expected (Roberts, 
Ikin, and Mourant, 755), though the sample is too small for this finding 
% be stressed. Average inbreeding coefficients for the population are 
Riven in table 14: these estimates are to be regarded as maximal since 
they are caleulated on the assumption of random mating. 

The smaller the social unit, the greater is the frequency of marriages 
With outside units, The way in which this balance renders unlikely any 
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important random genetic drift may be illustrated if the demographic 

data from Tir are applied to the mating results obtained шш Ше 

general sample of Ageir Dinka, in a similar manner to Lasker's (752) 
al s 2 

Mexican study- , | mp 
tandom drift in a population per generation may be calculated аз 


follows (Wright, ^40 and elsewhere) : 


where o?, is the variance due to drift, q represents the gene frequency 
and Ne the effective population size. "The effective population size (for 
a static population) is obtained : 

9N(N—1) 4N — 2 
=. usually rounded to ———— 

(N—1)e5 + 2N У eye 
where W is the number of parents in the population and о, is the 
variance in the number of gametes contributed to the next generation 
(Wright, 38 and personal communication). The effect of unequal 
numbers of male and female parents on the effective population size 
only becomes important if the inequality is extreme. In successive 
generations the variance is compounded, so that in generation g the 

1 а 
zy) (Wright, 42). 

Suppose the Padang Dinka were composed of a large number of local 
populations, each completely isolated from the others, of the same effec- 
tive size as Tir. For Tir, the number of adults is 170, of whom the 
number married is 140, and the number of parents (N) is 124. The 
average family size * is 2.70 (table 11) with variance (o7,) 2.53, giving 
an effective population size (We) of 109. For each such local population, 


Ne 


variance (0*4), is q(1— q) [1 — (1— 


* Here the gametic contribution by the parental population to the next 
generation (not easy to define on account of the overlapping of generations) is 
reckoned in terms of that of all the female parents of the village. "That its mean 
and variance may actually be higher were all parents considered is shown by 
comparison of the actual contributions of the two sexes in those families where 
both parents remain alive and in the village: 


Gametie contribution to the surviving filial generation 


No. Mean Variance 
Males 45 2.98 4.601 
Females 53 2.45 2.90 


The relatively slight degree of polygamy found in this village clearly has 8 
quite marked effect on the gametie contribution. 


\ 
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random drift per generation in {һе case of an initial gene frequency of 
0.5 would be (o7,,) .001146; the chances are therefore one in 50 that 
the gene frequency would change by more than + .079 (i.e, + 2.330) 
in the subsequent generation, should there be no mutation, selection, or 
intermixture. Should the population remain completely isolated, by the 
30th generation the accumulated variance [ (о?) = .032] would be such 
that there is about one chance in 200 that an initial gene frequency 
of .5 would become 0 or 1. In other words, in an isolated population 
of this effective size, drift would be likely to have an important effect 
on the gene frequencies. 

Suppose, however, that such hypothetical isolated local populations 
Were comparable in numbers with (a) the Abuya section and (b) the 
Ageir tribe, whose total numbers are estimated by Bryan and Tucker 
йз 1300 and 13400 respectively. Applying the demographic data for 
Tir to these units, the effective population size, as shown in table 14, 
for wut Abuya is 380 and for tribe Ageir 3913. Random drift per 
generation "m and the accumulated variance [(o7g),] are consider- 
ably smaller, so that whereas for units the size of Tir the loss or fixation 
of a gene of initial frequency .5 attains the probability of one in 200 
after 30 generations, this probability is only reached after about 100 
generations for units the size of wut Abuya, and after about 1200 
generations for units the size of tribe Ageir. О á 

For isolated populations the size of the Ageir tribe random genetic 
drift is not likely to lead to rapid differentiation, though its ps rinm 
be more likely in populations the size of the Abuya section, and ad 
tant in populations the size of Tir. In the Dinka, however, the uni à 
In 51 marriages in Tir, in three instances 
both spouses were from outside the village, and in 45 instances опе 
Spouse was born outside the village, giving an аташ rate of eas 
From Villages of the Abuya section details of 77 масои 
Marriages were recorded; in 24 instances both spouses came from within 
the wut, in 52 one spouse was from outside the wut, and n = [o 
both partners were incomers, giving an admixture rate of 85%. For 
110 matings recorded in villages of tribe Ageir, in 20 cases one partner 
Was from outside the tribe, and in two instances both spouses, the ad- 
Mixture rates being 11%. 

Wright (240, 243) has show 


Siven gene frequency, depends u 3 
lation size and the migration rate (Мет, 


are by no means isolated. 


n that differentiation due to drift, for a 
pon the product of the effective popu- 
where m is the effective 
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proportion of a population replaced in each generation һу migrants). 
For a gene frequency in the total poplation of .5, there is very groat 
differentiation of local gene frequencies where Nem is lass than 0.5; 
there is important differentiation where Vem is less than 5, but ditfer- 
entiation is slight if Vem is greater than 50. With the migration rates 
found for the village, section, and tribal units, it is clear that differ- 
entiation is slight in each (Nem being approximately 55, 133 and 430 


respectively). Were the tribal section to be characterized by the migra: 
tion rate found for the tribe, or the village by the rate found for the 
section, random drift would be more marked (Nem respectively 42 and 
38), and still more pronounced in village units were these to have a 
migation rate as low as that found for the tribe (Уот — 12), 

These calculations are at best estimates—for instance, village dem- 
ography may not in fact be representative of the tribal situation, and 
some adjustment should be made for the deduced expansion of the popu- 
lation—but they are considered to be sufficiently accurate to allow the 
general conclusion that, in the present generation of Dinka, the effect 
of random genetic drift on gene frequencies is not pronounced, whatever 
the population grouping taken as the unit. 

The mortality cstimates, whether from the age structure or from 
the results of questioning, suggest that a large proportion of individuals 
born fail to attain adulthood—perhaps as much as 00%6. 
mortality between adulthood and the end of the reproductive period is 
high—again perhaps as much as 50%. So that not only is there a large 
proportion of individuals born who fail to contr 
next generation, but of those who do reproduc 
period for so doing than others, which on ac 
results in a differential contribution to the 
these demographic conditions that the effe 
in man can be fully appreciated. 


Moreover, 


ibute genetically to the 
' some have a longer 
ount of the spacing of births 
next generation. It is under 
ctiveness of natural selection 


Speculations on Demography and Social Institutions. 


It is in its demographic context that one function of the age-set 
system in a politically diffuse people such as the Dinka may perhaps 
be appreciated. Seligman regarded their 
of a military nature; in battle, however, it Appears that grouping was 
usually on the basis of lineages and sections, and there would accord- 
ingly scem little reason to regard the Dinka 
Among the Dinka political action is taken 


age-set system as essentially 


age-sets as military units. 
after diseussion among the 


P 
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elders; government іх by the experience of the elders; the older ihey 
are the more experience they have, and for the efficient functioning of 
the community experience is desirable. But the demographie pattern 
Suggests that there is little chance of an individual achieving a ripe old 
age. It is therefore necessary to preserve those who are elderly and 


ensure some veneration for them. This the practices associated with 
the age-set system appear to achieve, c. g., the prohibition against fighting 
With a member of a senior age-set of the community, the eating and 
placing separately at feasts, the preferential allocation of parts of a 
Sacrificed animal to the old. 

Excess of adult females over males calls for polygamy or promiscuity 
to utilize the full female reproductive potential, so necessary where 
Mortality is high. Promiseuity as a regular mating pattern occurs in 
no known human society (Lowie, 48), and indeed may well be incom- 
patible with the functioning of a human society, so that polygamy is 
the usual response to such a sex ratio in such a demographic situation. 
But Marriage js more than a mating contract and is insured by the 
Payment of bridewealth, which among the Dinka here discussed leads to 
later marriage for males—a delay which in no way impairs their 
Capacity to reproduce, though it does somewhat reduce the number 
reproducing, and diminishes the period over which each may contribute 
to the next generation. This delay benefits the cattle wealth of the 
community, since it is affected by the sex-ratio—fewer men than girls 
to be married means that fewer cattle have to be paid away than are 
received. The mortality pattern, with this age difference between the 
Sexes at marriage, awas a number of widows before the end of the 
reproductive period. Socially, remarriage for them would be very 
“Шеш to arrange, For the utilization of the remainder of their 
s e of the levirate is obvious. 


reproductive potential the importane | 
es in which the influence of dem- 


rn H 
There are numerous other instance A 
Ography may be detected in social institutions, and from the preceding 


discussion the extent of the influence of the social on the demographic 
Pattern is readily discernible. The two seem to be intimately related. 
rn ` = + : $. м 
The need to include demographic considerations in attempts E under 
Stand the funetions of a particular institution in a society is clear. 


SUMMARY 


The demography of a Dinka village in a given week early in 1954 is 
analysed. ‘The main features are a low average age, a high proportion 
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of children, and a conjugal situation in which all women (and all men 
after a rather later age), are married, and very few of these fail to 
reproduce. Reproduction of the community is shared by the maximum 
number of women and is spread over the whole of Fagit reproductive 
span, fertility being fairly high but not excessively so. There isa fairly 
high ratio of females to males. Polygamy and the practice of the levirate 
are not sufficiently extensive to absorb the high proportion of widows, 
which may be a result of the age difference between the sexes in the 
time of marriage. Mortality is fairly high, though not excessive by 
African tribal standards, and the population seems to be increasing, 

The genetic implications of the demographic pattern are discussed. 
The possibility of genetie drift occurring in any unit, from the village 
to the total intrabreeding population estimated at 30,000 individuals, 
is shown by examination of the mating pattern to be remote, while the 
demographic situation is such as would be conducive to the operation 
of natural selection. Reference is made to the close relationship between 
demography and social institutions. 
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MIGRATION AND MENTAL DISEASE IN NEW YORK 
STATE, 1939-1941 


BY BENJAMIN MALZBERG 
New York State Department of Mental Hygienc 


HIS is a study of migration in relation to mental disease, as 
T measured by differential rates of first admissions to hospitals for 
mental disease in New York State. For the purpose of this analysis, 
a migrant is defined as a resident of New York State who was born in 
the United States, but outside of New York State. This is not the most 
desirable definition of a migrant, because it includes persons born just 
beyond the borders of New York State (ie, Connecticut and New 
Jersey), but excludes many who, though born in New York State, may 
have moved several hundred miles within the State. It also excludes 
many natives of New York State who may have moved great distances 
about the country, ending by returning to New York. However, data 
based upon this definition do afford а useful approximation to the study 
of migration, and are of especial value because they are available for 
first admissions to mental hospitals and also for the general population, 
and thus permit the computation of rates. 

Using this definition of migration, Malzberg (36) made an analysis 
of native white first admissions to all mental hospitals in New York 
State during the three consecutive fiscal years which ended June 30, 
1931. They were divided into two groups—those born in New York 
State, and those born elsewhere in the United States. The latter consti- 
tuted the migrant group. It was then shown that white migrants had 
an average annual rate of first admissions of 156.9 per 100,000 migrant 
population, compared with a rate of only 44.6 for the indigenous group. 
The rates for the migrant group were similarly in great excess for each 
of the numerically important groups of mental disorders. There are no 
statistics of the age distribution of the migrating and indigenous popu- 
lations of New York State, as defined above. Tt is known, however; 
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that migrating populations include an excess of adolescents and young 
adults (Thomas, `38). This would tend to reduce the rate of first 
admissions among the migrant population. Despite this selective factor, 
the rate for white migrants was so greatly in excess over that for the 
indigenous population that the diiference must be considered significant. 
We shall assume that statisties of hospitalization are an adequate measure 
of the relative incidence of mental disease in New York State (Malzberg, 
55). 

Similar results were found for native Negroes for the three years 
ended June 30, 1931 by Malzberg (36). The Negro population born 
in New York had an average annual rate of first admissions to all 
hospitals for mental disease of 40.0 per 100,000 corresponding popula- 
tion, whereas the Negro population living in New York but born else- 
Where in the United States had a rate of 186.2. The rate for each major 
Eroup of mental disorders was similarly higher for the migrants. 

It is now proposed to repeat these investigations, using the statistics 
of first admissions to all hospitals for mental disease in New York State 
during the three fiscal years ended June 30, 1941. During this period 
there were 27.530 mative white first admissions. Of this total, 20,838, 
Or 75.7%, were born in New York State, and 6,692, or 24.3%, were 
born elsewhere in the United States, Those born in New York State 
had an average annual rate of first admissions of 80.8 per 100,000 
Population, Migrants had a corresponding rate of 169.6. The latter rate 
Was in excess by 10%. 

The wheres pM of the major groups of mental disorders 
is Shown in table 1. The classification is that adopted by the American 
Psychiatrie Association in 1934. The classification is still the official 
Classification employed by the New York State Department of Mental 

Iveieno, Of the 20.838 first admissions who were born in New York 


y ia praecox. T xt 
State, 9.763, or 27,7 0, were diagnosed as dementia praecox. The а 
^is 4 м ‚а і: ine 0 А 

largest group, psychoses with cerebral arteriosclerosis, included 3,010, 


Р” 144% of the total. The other groups were of lower order, the largest 
being Senile psyehoses and manic-depressive psychoses, each including 
"9% of the total. 2 "T 
‚„ the Corresponding distribution for the migrating first a mn 
id not differ greatly from that for the indigenous group. — ia 
Praecox included 25.6% of the total first admissions, followed by psychoses 
Ith cerebral arteriosclerosis, with 12.7%. i А 
ifferences between the two groups of first admissions with respec 


% age were not too great. (See tables 2, 3) Thus, the average ages for 
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TABLE 1 


Native White first admissions to all hospitals for mental disease in New York 
` State, 1939-1941, classified according to mental disorders, and place of birth 


BORN IN UNITED STATES, 


BORN IN NEW YORK STATE EXCLUDING NEW YORK STATE 
Total Total 
MENTAL DISORDERS Males Females Number % Males Females Number — 46 
General paresis 630 257 887 4.3 308 128 430 65 
Alcoholic 1,046 182 1,228 59 491 87 578 80 
With cerebral 
arteriosclerosis 1,597 1,413 3,010 14.4 456 395 851 12.7 
Senile 191 1,056 1847 8.9 160 301 401 6.0 
Involutional 379 817 1,196 5.7 95 212 307 4.6 
Manic-depressive 600 1251 1,851 89 190 414 004 9.0 
Dementia praecox 3,028 2,735 5,703 27.7 834 880 1,714 25.6 
Other 2,800 2,250 5,006 24.3 988 753 1,741 26.0 
Total 10,877 9,961 20,838 100.0 — 3,522 3,170 6,692 100.0 


TABLE 2 


White first admissions to all hospitals for mental disease in New York State, 
1939-1941, classified according to age and place of birth 


BORN IN UNITED STATES, 


BORN IN NEW YORK STATE EXCLUDING NEW YORK STATE 
Total Total 
AGE (YEARS) Males Females Number % Males Females Number % 
Under 15 222 107 320 1.0 24 12 30 05 
15-19 700 504 1,294 62 148 111 259 39 
20-24 1,155 950 2111 10.1 971 251 522 Т8 
25-29 1,008 1,094 2,162 10.4 348 364 712 10.0 
30-34 1,005 995 2,000 99 397 344 74] 111 
35-39 1,024 838 1,862 89 395 355 750 112 
40-44 942 767 1,709 82 344 288 032 94 
45-49 767 723 1,490 72 360 281 641 96 
50-54 734 081 1,415 68 319 212 531 79 
55-59 502 517 1079 52 212 179 391 5.8 
60—64 601 536 1,137 54 173 106 339 51 
65-69 596 591 1,187 57 173 108 341 51 
70-74 516 597 1,043 50 134 155 289 4.3 
75 or over 925 1,035 1,960 9.4 224 284 508 76 


То{а1 10.877 9,961 20,838 100.0 3,522 3,170 6,092 1000 
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migrant and non-migrant first admissions were 45.2 and 44.9 years, 
respectively. The greatest difference occurred with respect {о dementia 
praecox, and in this group migrants and non-migrants had average ages 
of 32.1 and 29.8 years, respectively, a difference of only 2.3 years. Thus, 
though the migrant first admissions were older in the functional groups, 
and slightly younger in the others. the differences do not appear to be 
of an order which would unduly influence the comparisons of rates of 
first admissions. 

Reference to table 4 will show that the migrant white population 
had higher rates than the non-migrants in each group of mental disorders. 
Migrants and non-migrants had average annual rates of 43.4 and 22.4. 
respectively, with respect to dementia praecox. Psychoses with cerebral 
arteriosclerosis ranked second, the rates being 21.6 and 11.7 for migrants 
and non-migrants, respectively. The greatest relative excess was with 
respect to general paresis, migrants having a rate of 11.1, compared 
with 3.4 for non-migrants, The former was in excess by over 200%. The 
alcoholic psychoses also ranked high among migrants, | 

We may make similar comparisons for native Negroes living in New 
York State, There were 3,461 such first admissions to all hospitals for 
mental disease during the three years which ended June 30, 1941. Of 
this total, 484, or 14.0%. were born in New York State, and 2.977. 
or 86.0%, were born elsewhere in the United States. Of the entire 
American-born population of New York State on April 1, 1940, only 
15.8% were born in other states. The percent 
non-white population of New York State (which was almost entirely 


Negro) was 63.5. It is therefore apparent that the Negro population 
was overwhelmingly migrant. 


age for the corresponding 


On April 1, 1940 there were 571,221 Negroes living in New York 
State, of whom 519.935, or 91.0%, were born in the Untied States. 
These native-born Negroes had an average annual rate of first admission? 
of 221.9 per 100.000 population. Corresponding rates for Negroes born 
in New York State and those born elsewhere in the United States 
cannot be computed with complete accuracy, since the federal census of 
April 1. 1940 did not classify Negroes by place of birth. Such data were 
given, however, for the non-white population. The total for the latter 
in New York State was 599.596, of whom 571.221, or 95.3% were Neg 
The use of the non-white population as a hase will therefore give © 


very close approximation to the rates for Negroes in New York State. 


On this basis. there was an average annual rate of first admissions © 
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85.6 per 100,000 population for Negroes born in New York State. 
Negroes born elsewhere in the United States had an average annual rate 
of 302.7. The latter rate is in excess by more than 250%. However, the 
great disparity is undoubtedly due in part to the fact that migrant 
Negroes are older than those born in New York State, differing in this 
respect from migrants in general. We do not have the age distributions 
of the native Negro populations according to place of birth. But there 
are indirect reasons for assuming differentials with respect to age. 

Table 5 shows, for example, that 36.666 of the Negro first admissions 


TABLE 5 


Native Negro first admissions to all hospitals for mental disease in New York 
State, 1939-1941, classified according to mental disorders, and place of birth 


BORN IN 


TES, 
BORN IN NEW YORK STATE EXCLUDING NEW YORK STATE 
Total Total 

MENTAL DISORDERS Males Females Number % Males Females Number % 
General paresis 32 10 42 8.7 338 138 416 10.0 
Alcoholic 27 15 42 87 277 90 307 12.3 
With cerebral 

arteriosclerosis 28 25 218 259 470 15.8 
Senile 9 17 57 84 141 4.7 
Involutional ] 3 6 36 42 1.4 
Manic-depressive 6 9 25 66 91 3.1 
Dementia praecox 100 тт 370 449 819 275 
Other 69 Эт 332 239 571 10.2 
Total 272 


484 100.0 — 1,23 1,854 2,977 100.0 


born in New York State were diagnosed as dementia praecox, compared 
with 27.5% of the migrant group. On the other hand. the latter were 
in excess among first admissions with general paresis and alcoholie 
psychoses, groups with an age range higher than that for dementia 
praecox. There was a similar difference with respect to psychoses with 
cerebral arteriosclerosis. These imply that the migrant group was drawn 
from an older population. Negro first admissions born in New York 
State had an average age of 36.3 years, compared with 43.1 for the 
migrant Negroes. Such differences make it clear that the total popula- 
tions from which the patients were drawn must have differed in the 
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ооа са respect to age. Therefore, the crude rates of first 
bare ong ав the differences between the migrant and non- 
I 9 bs bé ges the rates differ so widely that it may be 
m нед 1 tactical purposes, that adjustment for age, were the 

‚ could not remove the differentials with respect to average 


at И ج‎ 
Mual rates of first admissions. 


TABLE 6 


Native Neare d " 
pow first admissions to all hospitals for mental disease in New York 
State, 1939-1941, classified according to age and place of birth 


BORN IN UNITED STATES, 
BORN IN NEW YORK STATE EXCLUDING NEW YORK STATE 
AGE tseans) Total Total 
t. i € Males Females Number — 96 Males Females Number % 
nde 5 "- 

15 = " 18 10 — 38 58 19 8 18 06 
20-94 40 29 69 143 64 71 135 45 
25-29 48 24 72 149 121 114 235 79 
34 30 64 132 177 171 348 11.7 

27 19 46 95 225 176 401 134 

17 19 30 T4 204 156 300 121 

23 10 33 6.8 173 118 291 98 

11 12 23 48 168 105 273 9.2 

20 8 28 58 129 79 208 7.0 

5 10 81 91 74 165 5.5 

5 13 18 3.7 80 61 141 4T 
12 8 20 41 71 78 149 5.0 
5 6 1 23 55 46 10 34 

T 14 21 4.3 55 97 152 51 
1,354 2,977 100.0 


272 212 484 100.0 1,623 


T 
ab . А M adis 
le 8 summarizes the average annual rates of first admissions for 


the 1 б ] 
nading groups of mental disorders in the native Negro population. 


The hj sires | 
With к est rate occurring among both migrants and non-migrants was 
es Ё 
Spect to dementia praecox. The former had a rate of 31.3 per 


‚0 2 

k Population, far in excess of that for any other group of mental 

igtants, This was due in large part to the relative youth of the non- 
5. On the other hand, the migrants had a rate of 83.3 per 


109 
0 H 
p Population for dementia praecox. The difference is clearly 


signi s 

100, à Е 

ant, since the migrant er is surely older than the non-migrants, 
nigrant group 1s surely 
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and therefore could not have been affected adversely in such a com- 
parison by differential age distribution alone. It isa reasonable con- 
clusion that the migrants had a higher probability of dementia praecox. 

Negro migrants had higher rates of first admissions ва the ише 
migrants in cach of the major groups of mental disorders. The differences 
RS marked with respect to the syphilitie disorders and alcoholic 
psychoses. Migrants had an average annual rate of 48.4 per 100.000 
population with general paresis. 'lhe rate for pagehses with other 
syphilis of the central nervous system was 13.8. 1 he combined rate for 
the syphilitic psychoses was 62.2, compared with 10.6 for the non- 
migrants. Unquestionably, a large part of the difference was due to age 
differentials, the non-migrant group including a large percentage from 
30 to 50 years of age, the period of maximum risk for such mental 
disorders. Age also accounts in part for the excess of the alcoholic 
psychoses among the migrants. The latter had a rate of 37.3, compared 
with 7.4 among non-migrants. It is very likely, however, that the rates 
for migrants would remain significantly higher, even were statistical 
adjustments for age available. 


We may conclude with a comparison of average annual rates of first 
admissions among whites and Negroes during the three fiscal years 
ended June 30, 1941. (See Table 9) 

Negroes born in New York State had an average annual rate of first 
admissions of 85.6 per 100,000 population, compared with a rate of 80.8 
for the corresponding white population. The excess amounts to only 
six per cent. In view of the fact that Negroes in New York State were 
younger than the white population, as shown by the United States 
census (^40), and the certainty that this must have been even truer of 
the segments of these populations born in New York State, we may 
conclude that Negroes born in New York State had a higher rate of 
first admissions than whites. Despite the absence of adequate age 
statistics, we may also conclude that the great excess of rates among 
non-migrant Negroes with respect to general paresis, other syphilis of 
the central nervous system, and the alcoholic psychoses, is also significant. 
In the case of dementia praecox, the rate for Negroes was in excess by 
40%. It is probable that despite differences in age, the rate for the Negro 
migrants was higher. Rates of first admissions with psychoses with 
cerebral arteriosclerosis and with senile psychoses were lower among 
Negroes than among whites, But as the Negro population born in New 


York was still relatively young, this result may well be spurious. In the 
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case of the manic depressive psychoses, however, it is possible that the 
ase б 

rate for Negroes may prove to be 


lower ignilicant. 


In comparing the migrant population, | 
The excess among migrant Negroes w 


we find an overall excess of 
especially 


73% for Negroes. à gra SR 
ct to the psychoses of syphilitic origin and у 
ses and psychoses with cerebral arteriosclerosis. 


ilso high 


high with respe 
for the alcoholic psycho 
It is improbable that these differences could be accounted for by the 
relative age distributions of the two populations. An excess of 92% on 
» э. А . " 
the part of the Negro migrants over the white migrants with respect to 
dementia praecox must be regarded as significant, since the Negro 
migrant population belongs to age groups in which this disorder would 
; M * А * i м 
tend to be relatively low in frequency. Only with respect to the manic- 
depressive psychoses do white migrants apparently have a higher rate 
than Negro migrants. 
SUMMARY 


The native-born population of New York State may be divided into 
those who were born in New York and those who were born elsewhere 
in the United States. These groups may be considered as non-migrants 
and migrants, respectively. From this point of view, separate compari- 
sons were made for the white and Negro populations of New York State, 
based upon average annual rates of first admissions to all hospitals for 
mental discase in New York State during the three fiscal years ended 
June 30, 1941. .\mong the native whites, the indigenous and migrant 
groups had rates of 80.8 and 169.6 per 100.000 corresponding popula- 
tions. The rates for the migrant whites exceeded those of the indigenous 
population for each of the major groups of mental disorders, the disparity 
being greatest for psychoses of syphilitic origin, and aleoholie psychoses. 

Negroes showed similar differences. Migrant Negroes had an average 

annual rate of first admissions of 302.7 per 100,000 population, com pared 
with 85.6 for the indigenous Negroes. The rates for Negro migrants 
were in excess in all major groups of mental disorders, but the differences 
were especially high for the psychoses of syphilitic origin, the alcoholic 
psychoses, and psychoses with cerebral arteriosclerosis. The ratios of 
the rates for Negro migrants to those for non-migrants were much 
greater than the corresponding ratios for the white population. This is 
probably due, in part, to the fact that the indigenous Negroes ate 
undoubtedly very young in comparison with the migrants. The age 
differences are probably not so marked among the white populations. 


2 
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| It is therefore clear that rates of mental disease are higher for 
migrants than for non-migrants. It is also clear, that, with the exception 
i the manic-depressive psychoses, Negroes had higher rates than whites. 
This Was true whether we compared the two migrant or the two non- 
Migrant groups. The question therefore arises whether the differences 
between migrants and non-migrants are due to the action of selective, 
Constitutional factors, or to environmental influences associated with or 
resulting from migration. X similar question arises with respect to the 
racial comparisons, Are the rates for Negroes in excess because of racial 
Or social factors? "The data of the present study cannot answer these 
questions definitely. There are suggestions, however, that social factors 
CANNOT be ignored. These are discussed elsewhere by Malzberg, Lee and 
Thomas (56). 
Migrants, among both whites and Negroes, were with respect to the 
and the alcoholic psychoses. The ratios 


Since these psychoses have a 


The greatest relative excesses of migrants over non- 


Psychoses of syphilitic origin 
were especially high among Negroes. 
Predominantly social background, especially among Negroes, it may be 
"erred that deleterious social intluences are likely to be operative on a 


arger seale among migrants than among non-migrants. 

| We may note that the crude rates of first admissions increased 
Significantly between 1930 and 1940. For the indigenous white popula- 
tion, the rates increased from 41.6 to 80.8 per 100,000 population. For 
Te migrant group, the rates increased from 156.9 to 169.6. In the 


саке of the Negroes, the comparisons were as follows: Non-migrants, 
10.0 and 85.6; migrants, 185.5 and 302.7. The increases are probably 
Че, in part, to the fact that the general populations included a higher 
Proportion of elderly persons in the latter years. However. studies һу 
Мает (55) of the total population in whieh the factor of авр ШЕ 
held constant all indicate that there was a real increase in rates of first 
admissions between 1930 and 1940. 1t is therefore probable that the 
“ude rates of the present study also indicate a real increase. | 

Finally, we may note the interesting fact that gene ral paresis has 
Jeon decreasing steadily for several decades. The non-migrant whites 
Showed a decline from "i rate of 3.8 per 100.000 population in 1930 to a 
M 1949, For the migrant whites the corresponding rates Ta л 
281, respectively, Among Negroes. however, the trend бр n the 
°PPosite direction, The vates increased among non-migrant = 
Tom 4.3 in 1930 to 7.1 in 1940. They increased among migrant Negroes 


f | T 
тою 36.3 to 48.4. General paresis thus inereased among Negroes at 
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the very time when the disorder was decreasing in the remainder of the 
population. General paresis is a disease of syphilitic origin, and it is 
therefore evident that syphilis was not only more prevalent among 
Negroes than among the whites, but that the later manifestations in the 
form of involvement of the central nervous system were also more 
prevalent. It is generally agreed that the prevalence of syphilis is a 
social rather than a constitutional or racial problem. Furthermore, for 
obvious reasons, syphilis is more likely to be present in a migrant popu- 
lation. Therefore, we must bear in mind the possibility that higher 
rates of mental disease among Negroes may be associated with environ- 
mental factors. 
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" , INTRODUCTION 

I ЫНТЫ чет statistical literature, diversity exists both as to 
and Dorie fee E ation 300 as to methods and concepts (Bransby 
Klein, Рабен Aman 45, Hurme 48 and 49, Jackson ?48 and 750, 
Klein and K id Eimer 37, Klein and Palmer 41, Klein *43, Palmer, 
comparisons сы ія It is not always possible to perform direct 
other litis ciae 0 related published investigations: averages and 
erent ways. ا‎ raracteristies used may have been calculated in dif- 
* Ys; basie tabulations also may be essentially different. Further, 

ly to remain unclarified, con- 


concepts авн, 
Sa pts adopted in discussion are like 


qu 1 e 
зану causing confusion in conclusions and recommendations. 
ems in dental кч ful to discuss some of the main prob- 
or two main Ке " са Thë contents of this paper will be theoretical, 
theoretica] js reasons, First, it is of course necessary to build the 
Second, ii са before actual investigations can be carried out. 
iterature arf not seem easy to get suitable raw data from the present 
JOWever tp, ne iv dnd our model with practical applications. We feel, 
Interest а) | $ hile we are looking for and collecting such data, it might 
we propose " ыйа of dentistry to know of the theoretical basis which 
m the near т for our later studies. It is our hope that we could, 
*Pplications е come forth with another paper dealing with practical 
. To Dei ex Ше ideas presented in the following. | | 
tical байта with, we will present a simple general model, i.e., a statis- 
developed jos within which a logical dental statistical system can be 
character or the sake of clarity the model has to be mathematical 
- The conclusions, however, will form a group of practical 


In 
our opini "ie 
opinion, it is therefore use 


Tec 
ommendations. 
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A GENERAL MODEL 


Consider a population, a group of human individuals of equal age, 
in ideal observation conditions so that it is possible to perform a com- 
plete investigation of dental conditions in the population at any age г 
(years, вау). А series of such observations made at successive ages 
would then form a longitudinal survey. In such a survey the teeth 
mav be classified exclusively according to the following scheme, this 
scheme being valid for each tooth locus separately, similarly for deciduous 
and permanent teeth: 

1) The tooth has not yet erupted (state О); 

2) The tooth has erupted and is sound (S): 

3) The tooth is in the mouth but has been attacked by caries once 
or more times, being filled or not (А) ; 

4) The tooth is lost (exfoliated, extracted), and was sound when 
deceding (E); 

5) The tooth is lost (exfoliated, extracted), and belonged to the 
state K (see above) when deceding (D). 


In respect to each tooth locus separately, the population can then be 
classified into the above five classes; i.e., it can be determined what 
percentage of the individuals have a given tooth erupted, lost, etc. 
Denote these percentages by 


Oz, S, Kz, Е. апа D, 


the capital letters referring to the above classification, and the sub- 
index z indicating that the percentages have been determined at the 
age т. As the classification used is complete, the percentages must add 
up to 100, i. e., 


(1) O0. 4- 8. + K++ E, 4- D, — 100, 
whatever be the age z. 

If a series of age-specific percentages Os, S, ete. are plotted against 
the age, together they will form a curve pattern as shown in figure 1. 
Zach tooth locus possesses its own curve pattern, whence a collection of 
39 (or 16. if no difference is made between the right and left side) 
graphs is needed to describe the entire tooth history of the population. 
In some respects, this curve pattern resembles that used by ITurme (49). 
He proposes the name collective distribution patlern. 
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fü 
ўе ds Ае я z 
» bi is "3 model to be investigated. In the following properties 
e model will be studied i 1 > s t th i 
cs RE died in the hope that some of the practical 


9994 
SO 


9 
10 


SP, 


Fig р 
i 1. COLLECTIVE DISTRIBUTION PATTERN For A PAIR OF Decipvous TEETH. 


ERUPTION 
т | | 
he relative number of non-erupted teeth has been defined as the 


Percent: die É | 
centage О. The complement of this quantity. t. e., 

9 

| ) P, = 100 — 0z, 


Plotted against the age, the P-values 


shown in figure 2. 
a small age interval dz 


та eruption percentage. 
th ee well-known eruption eurve sh 
iilos of growth of this curve during | 
natically, the first derivative of the curve) is 


3 
8) P: = 1р,/ат, 


the M . 
mí, hand side of the above formula representing common mathe- 
ies This quantity gives the per cent 
an infinitely small age 


The shape of this erup- 


Ten al notation for the derivative. 

ы B + 

ae or per cent rale of eruption during 
етү; оа D à А 

і Ч dr in the neighbourhood of the age 1. 


lon yy 
rate curve is also shown in figure ?. 
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The rate above is computed on the total number of loci, i. e., as a 
proportion of the total population with no regard to the actual states 


of the tooth loci at the age x. However, some of the loci may have 


been occupied already so that eruption cannot take place any more. 
This leads one to calculate another rate in such a way that only the 


اک 100 


o 1 2 3 4 5 
Age, yrs 
Fic, 9. ERUPTION PERCENTAGE Paz, Eruption RATE p, AND ERUPTION INTENSITY 
p*, AS FUNCTIONS OF THE AGE. THE Last Two FUNCTIONS HAVE BEEN CALCU- 
LATED PER HALF YEAR. 


empty tooth loci are considered. "This is made by relating the rate of 
eruption to the proportion of empty tooth loci, thus: 


(4) Р“. = p./O;. 


The quantity p*, gives the probability of an empty locus to become 
occupied during a small age interval dr. To make a clear distinction 
from the eruption rate defined in (3) this probability can be called 
eruption intensity. An eruption intensity curve is shown in figure 2. 
It is to be noted that the shape of the intensity curve in this case is 
not typical for all teeth, for in some cases, e. g. third molars, lateral 
incisors, ete. the curve may have a maximum followed by a decreasing 


tail. 
Mathematically, both the eruption rate and the eruption intensity 
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above ] 
lave been cale 1 
numerical valu ера for a very small age interval @. Th 
| و‎ e т. ле 
рег half ү e quantities ean, howev 
It sł Year, as ds the case in figure 2 саны ius 
should be а im 
note : 
tiis omen E ote d that the three curves discussed above are b 
i : 55 - ү 7 
defined math ungs, for they are connected with each other by " йу 
s i ematies: н р аа i 
Even the oth — relations. In fact, whenever one of the inea Н 
er two can be d к 
1 educed. The curves i 
Я es only describe th 
А е erup- 


tior 
і Process fr ^ 
process from different angles. 


a is CARIES 
of dion: M only primary caries is considered, т. e., the first attacks 
natural وس‎ ha allowance is made for further attacks or for the 
to the E "я Gf active caries. Further, no attention has been paid 
the iii е lacu susceptibility of different tooth surfaces. Therefore 
angle of oo the caries phenomenon from a relatively nt 
temporarily, Ü » y On the other hand, we believe that by accepting 
detailed xd ei limitations elarity will be won in a point where Tus 
Dlicateq. PI presentation is likely to become heavy and com- 
attention " a further development of the theory now outlined, more 

an be paid to all the complications inherent in caries statisties. 


At 
апу age p ; 
age w, the total relative number of individuals having had 


Some 
Caries exper} 
8 exper : Е 
(в) xperience in a given tooth is evidently 
C= K+ Ds, 


he 
? Percentages K : 
по торат ieu s K, and D, include all cases attacked by caries, with 
Ne C -ourvo орий the attacked tooth is left in the mouth or not. 
The first 15 it non-decreasing curve of the type shown in figure 3. 
(6) St derivative of this eurve 
C, = dC ,/dx 
caries attacks during а small age 
This quantity can be 
deduced from the Cs 


Ne per | 
Mteryay Pa cent rate of primary 
d v ; ` 
called oups їп the neighbourhood of the age 2. 
arie 2 
3 
3 а c,-curve 


Urve is sh s allack rate. In figure 
as thor, own, the numerical rate having been computed per half year 
жыз OWey, 
hich eigd pa the loci are not necessarily occupied by sound teeth 
fea lo to e to the risk of primary caries. Therefore, it is 
h eism x culate another rate, taking into consideration only the 
Y exposed to this risk. So the quantity 


2 
C*, == CS. 
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is obtained. Evidently, this quantity gives ihe proportion of sound teeth 
developing primary caries in the small age interval dr, so that it ean 
be called primary caries allack risk or attack intensity. On the basis 
of the C, curve in figure 3 a cë, curve has been computed according to 


formula (7). This curve is also shown in figure 3. 


3 10 zi 15 Age, 9 
yrs 


Fie. 3. CuMULATED CARIES PERCENTAGE С„, CARIES ATTACK RATE с, AND 
CARIES ATTACK INTENSITY C". AS FUNCTIONS OF THE Ase. Тив Last Two 
FUNCTIONS HAVE BEEN CALCULATED PER HALF YEAR. 


The three curves defined by (5). (6) and (7) are closely related 
to each other, as is evident from the presentation. Hach of them, 
describing the caries process from a particular point of View, possesses 
interesting properties which probably have been only partly recognized. 
For example, the c*, function presents a useful tool in making com- 
parisons between different populations exposed to the risk of primary 
caries, or between different teeth within the same population (ктап, 
M8). 

For some practical purposes, the model above certainly is too simple, 
as no allowance has been made for the natural progress of caries or for 
repeated carious involvement, and as the different tooth surfaces have 
not been treated separately. TTowever, improvements and refinements 
in the theory can easily he made in line with the presentation. For 
example. if the observation conditions allow, the primary attack risk 
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curve can be replaced by a general attack risk curve, with no reference 
to the number of previous attacks. 


EXFOLIATION AND EXTRACTIONS 
т : 
The total loss percentage at an age т, Qa is composed of the two 
Percentages £, and D. detined above, being the sum of them. Plotted 
against the age, the curves X, and D, and, consequently, Q = 2, + D, 


are of the non-deereasing type shown in figure 4. 


100 
% 


: S m 
О 5 10 E 


Fio. 4, Loss PERCENTAGES E, AND D,, AND THE SUM oF THEM, Qs. 
Taki i „ылай ined 
Viz aking the derivatives of these curves, three loss rates are obtained, 


(8) 


for ep — dE ,/dz 
E Sound tecth, 


: d, — dD,/dx 
fg. E teeth, and 
| m 


ll teeth, the last rate, of course, being the sum of the previous two. 


al rate curves calculated on the basis of the above loss percentage 


8 : 
are shown in figure 5. 
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The rates above have been calculated for the total number of tooth 
loci in the population. However, one is often more interested. in the 
risk than in the rate of loss. All the tooth loci are not exposed to this 
risk. but only the tecth left in the mouth. For the sound teeth, the 
relative number of teeth exposed to the loss risk is Ss, for the attacked 
teeth correspondingly Ks, the sum of them, S; + Ka, finally representing 


STH) AND qz 


Fic. 5. Loss RATES е, (ror SOUND TEETH), d. (ror CARIOUS ТЕ 
(TOTAL), AND Loss Risks e*,, d*, AND 7*.. THE FUNCTIONS HAVE BEEN CALCU- 
LATED PER HALF Year. N.B.: Scare A ror Rate Curves, Scare B ror RISK 
CURVES. 


the total proportion of teeth exposed to the loss risk. So the risk 
functions can be calculated as follows: 


(11) y= ee) Bs 
for sound teeth, 
(12) d*,—d,/K, 


for attacked teeth, and finally 


(13) g*r = q,/ (25 Kr) (==@„/Т„, where T, = S3 + Kz) 


B . + 5. 
as the over-all loss risk. These risk curves are also shown in figure ? 


¬ 


DENTAL STATISTICS 373 


The life-table technique presented above is in line with that applied 
by Klein (43), although he does not treat different teeth separately. 

At first sight one may think that the sub-division of the group of 
lost teeth applied above is superfluous, i.e., that a sufficient and satis- 
faetory theoretical model could be built by means of the quantities О, 
qz and q*, alone, especially as in practice it is very difficult if not 
impossible to discriminate between the classes Ё and D. However, the 
sub-division applied is there for the sake of adequate treatment of caries 
Process in the model. The presentation concerning caries statistics 
above contains the quantity C+ where D, but not E, is included, see 
formula (5). whence the sub-division is a necessity. 


DISCUSSION 

The model presented above forms a basis for a logical system of 
dental Statistics, details of which will be presented in another paper. 
Of course, the framework suggested for this purpose is not unique, but 
Tepresents a plausible alternative among those possible. It may be 
Considered a weakness of this system that various tooth surfaces, different 
intensity degrees of single caries attacks and the like are not given 
attention here, in spite of the fact that many of the dental studies in 


the Past have especially emphasized the importance of these factors in 


horough dental statistical investigations. Taking into consideration 


this kind of additional factors would, however, in our opinion, make 
the model unduly complicated at this stage. Indeed, we believe that 
Most of the requirements of efficient and logical dental statistics will be 
met already within this framework. As pointed out in several passages, 
, Dements are possible in details where more accurate description of 
Actual relations is desirable. 

As to statistical characteristics, one important property of the model 
Can be noted already in this paper. This is the time division actually 
Performed by the curves which were defined by the formula (1). If 

е height of figure 1, denoted by 100%, is understood to be equal to 
nity, then the pem limited by the horizontal zero and 100% lines, and 
Ше Vertical zero line, сап be expressed in time dimension. pon энш 
r © Curves shown in figure 1, starting from the horizontal zero -a 
caching up to the 100% line, divide this “time area Im time periods. 
81 Ч example, the area to left from the Р. curve, t e. the eet 18 
Imply equal to the mean eruption age, the S-area equal to the mean 
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sound mouth-age. this together with the K-area equal to the total 
mouth-age. and, finally, the sum of O-, S- and K-areas equal to the mean 
deceding age- Remembering that the K- and D-areas together represent 
the attacked teeth it can be seen that their relative magnitude gives an 
indication of the power of caries in the population. Indeed, statistical 
characteristics of caries can be developed from these area considerations. 


SUMMARY 


We suggest a system of dental statistics based on simple classification 


of teeth in five exclusive classes: 


1) Tooth not erupted ; 

2) Tooth in the mouth, sound ; 

3) Tooth in the mouth, attacked by caries; 
4) Tooth lost while sound ; 

5) Tooth lost while attacked by caries. 


It is proposed that a series of age-specific per cent distributions of the 
tooth loci into these classes, or a collective distribution pattern, be used 
for each tooth separately as a basis of further statisties. Main properties 


of the model are discussed, and a number of auxiliary functions derived 
and presented. Mathematically, these derivations are closely related to 
so-called life-table technique. 
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Evolution, Genelics, and Man. By THEODOSIUS DOBZHANSKY. 398 pp. 

Wiley, New York, 1955. $5.50. 

In these boom-days of science two divisions of labor have appeared, 
(a) between specialists in research in different disciplines and sub- 
disciplines, and (b) between rescarchers and writers, Most scientists 
pursue single channels of inquiry and present their results in terse, 
jargon-laden monographs. Few science writers who open broad fields 
io the general publie have the time or training for special research. 
Once in a blue moon an original researcher combines a devotion to special 
pursuits, a general coverage, and the ability to write simply and well. 
Such a man is Theodosius Dobzhansky. 

Evolution, Genelics, and Man is a textbook addressed to the beginner 
in genetics as well as to students of anthropology, paleontology, and 
other disciplines in which genetics is peripheral schedule-wise although 
vital and basic. With a combination of boldness and good judgment the 
author covers the usual subject matter of standard genetics, including the 
structure of the chromosome, the mechanics of heredity, mutations and 
mutation rates, gene frequencies, natural selection, genetic drift, the 
structure of Mendelian populations, and balanced polymorphism. He 
explains races as genetically open and species as genetically closed systems 
with the fact of mating rather than its genetie potentiality as the 
threshold criterion. Some new species are formed, he says, by polyploid 
crossings as a quick method of evolution. 

Homology, analogy, and the blood precipitation tests are covered. 
Sex, says Dobzhansky, gives a population its maximum opportunity for 
variation, and the routine which the male follows in seeking out his 
mates makes for both differentiation and inereased intelligence. In 
mammals hormones, themselves genetically controlled, play a large role 
in sexual development. Darwin's idea of sexual selection is replaced 
by a new theory, that the excess growth of secondary sex characters 
provides mechanisms for identification and isolation, thus helping species 
formation. 

In a chapter on organic evolution a summary is given of the history 
of living animal forms and of current theories of evolutionary change 
When fish got lungs land forms appeared. When these began to lay 
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ae = шыш Talons, laie began, and later 
атша! ds took over from reptiles during a period of global 
crisis, probably thermal in nature. Mammals and birds had the ad- 
vantages of internal heat-control, and a care of the young. 
Evolutionary parallelism, he says, produced the marsupial wolf and 
- false horse of South America, while the most successful forms arose 
the centers of land masses, where competition was keenest. The 
: us of the world are named and described, and finally, man 
is born, Dobzha sky firmly rejects the tendency of human paleontologists 
to give every scrap of bone they lind a new generic name. He confines 
fossil and living men to one genus and two species, Лото erectus and 
Шото Sapiens. Ile fails to endorse the popular dogma that man has no 
Instincts and places the acquisition of culture where it belongs, in a 
biological context, 
_ Rejecting orthogenesis he endorses Simpson’s idea of orthoselection— 
2. ® evolution continues in one direction as long as conditions favorable 
to it endure, Ile torpedoes the old tale of the Irish elk—that its antlers 
8Tew so big that he became extinct from carrying them around—and 
Spee epu ede 
Mibi. | of complex organs ike з -— iria a 
: the оо over a long, түш -! Е pipes us 
Б ough many intermediate forms, an р 


faunal are; 


' bit ov. ae 
“кай many millions of years. | 
а Пе defines progress as an increase in the complexity of organs anc 
ч n 1 i ‘ з | 
Improvement in sensory perception and nervous coordination. In 


lig ү ош | x. 
ar a tew standard, known principles are good enough to explain the origin 
? ii i H H 
„Evolution of life, Пе puts up a convincing argument. ыш 
эв, i i 1 k іде an 
© anyone who has ever tried to write a general book on a w 


чу technical field it is obvious that much work went into this product. 
ed by a historical narrative 


In between, in the 


hig 


1 
each chapter the subject is gently introduc: 


0 i is ushered out at the end by a lucid summary. i : 
Y of the chapter, Dobzhansky fights the familiar and nearly iir ы 
in the between terminology and clarity. Usually 
Stil]. atter two-thirds of the book, but a few sligh у S il dae 
and ан in the area of explaining mitosis, d ыз a 
Use clated phenomena. He achieves caution тарач =- 
Joki Weasel-words, and he achieves humor without ] У, 


18 ab T ing his own name. In my own 
есш] wu P ну 1. cal errors important 


al field of racial studies I can find no techni 
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enough to mention in a review. As my field may be the farthest from 
v 5 


his of any covered, we can give the book a seal of accuracy. 

Evolution, Genetics, and Man is as monumental as its writer, who, 
combining special experimental knowledge with wide scientific coverage, 
can also handle a language originally foreign to him with delicacy and 
skill, to the enlightenment and pleasure of us all. Once again Dobzhansky 
has done the kind of job we have come to expect of him, and a little more. 


CARLETON S. COON 


University of Pennsylvania, 
Philadelphia, Pennsylvania. 


Counseling in Medical Genetics. By SIIELDON C. REED. viii + 268 pp. 
W. B. Saunders Co.. Philadelphia, 1955. $4.00. 


The principles of human geneties find their practical application 
when counseling on hereditary problems is sought. This means in most 
instances that parents who have had a child with a congenital defect 
or hereditary disease want to know the likelihood of a recurrence of the 
condition in their offspring. 

At present many Institutes provide counseling in hereditary prob- 
lems: 13 are listed by Dr. Reed for the United States and Canada and 
І may add that at least 6 are active in Europe. We can foresee a time 
when ignorance of this branch of medicine will be merely a matter of 
personal nonchalance of the practitioner, This book is intended as an 
introduction to the practical aspects of human geneties for physicians. 
The author is Director of the Dight Institute for Human Geneties in 
Minneapolis, which started to give genetic advice to patients and physi- 
cians in 1941. The accumulated material has provided the basie frame- 
work for this book. 

It is divided into 29 chapters and an appendix gives a list of inherited 
diseases with their frequency, if known, and their type of inheritance. 
Each of the 23 chapters which are devoted to a single subject includes 
one or more actual counseling cases taken from the files of the Dight 
Institute. Dr. Reed covers a wide field: common conditions such as 
twinning, mental retardation, diabetes and allergies are included as well 

as some rare hereditary diseases such as fibrocystie disease of the pancreas, 
pyloric stenosis etc. Information is provided on the most common c 
genital malformations. 4. e. clubfoot. harelip and cleft palate. dislocation 
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of the hip, congenital heart, anencephaly, spi ifida a golis 

The two chapters on the ее ш Peo ae жө 
paternity should be of interest for the physician and the public. In the 
first: four chapters emphasis is given to the general, moral and philo- 
Sophical aspects of genetic counseling, A short chapter is devoted to the 
КепеПе effects of ionizing radiation. The reader may be interested to 
know that problems of skin colour is the major reason for seeking advice 
at the ри Institute, followed by epilepsy, consanguinity, mental 


deficiency, mongolism, schizophrenia, harelip and cleft palate, eye colour, 
and twinning, 

M the topics discussed are many, it is no wonder that some problems 
appear too simplified and the treatment of others is not based on the 
Most important published reports. On the other hand a book intended 
us an aid to the practitioner must not exceed a reasonable size. Judging 
this work as a whole, it is likely that many human geneticists, who are 
Ware of the intricacies uf the subject, will not agree with Dr, Reed's 
tendency to oversimplify counseling problems, The reviewer disapproves 
Of the style of the book, Colloquial and slang words are used to such 
1 extent as to make the reading rather irritating. This puts the actual 
Content, which is mostly good, in a wrong light. 1 quite agree with plain 
Writing in svientifie books but I still believe that a dignified science 
Should be dealt with in dignified language. 1 am sure that a radical 
Change of ihe style would improve the value of the book considerably. 


M. Fraccaro 


State dons 
à p Institute for Human Genetics, 
à Posala, Sweden 


Cullure and Mental Disorders. By Joseru W. EATON and ROBERT J. 
WEILL. 254 pp. Free Press, Glencoe Illinois, 1953. $4.00. 

| The earlier analysis of population increase among the Hutterites 
"ported on these pages ! was part of a larger research. Initially, the 
"m of the survey was fo diseover the reasons for an apparent lack of 
Psychiatrie disorders in the small, close-knit and socially isolated sect 


F | Joseph үу Eaton and Albert J. Mayer, “Social Biology of bee =o 
ене. ъ ` i „НЕ is er the title Man’s 
б tility, Human Biology 25: 206-264, 1953; republished under th 


leiga pe oss, 195 
Pacity to Reproduce, Glencoe, Illinois, Free Press, 1954. 
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of 8,549 Hutterites in the Great Plains area. The research staff soon 
found, however, that previous reports were in error; by the use of a 
thorough sereening process which located virtually every mental case 
(active or recovered) in the entire population, they located 199 persons 
diagnosed as having had a mental disorder or epileptic seizure ? at some 
time. Of these, fifty-three were psychotic. 

Although these results were unexpected, ihe authors made compara- 
tive studies with ten other intensively surveyed populations and found 
the Hutterite lifetime risk of mental disorder to be lower {һап other 
groups in the Euroamerican population. Thus the incidence was higher 
than expected but in the direction hypothesized in the beginning. * More 
than 97 out of every 100 Ilutterites living in 1950 had not experienced 
a major mental disorder." At the same time they discovered that the 
Hutterite psychosis rate appeared to be somewhat higher than a com- 
parable one on the island of Formosa (pre-Chiang). 

Equally significant was the finding that there was a virtual absence 
of psychopathic personality, obsessive-compulsive neuroses and psychoses 
associated with syphilis, alcoholism and drug addiction. This leads 
the authors to say that “the almost complete prevention of these 
disorders may be possible within an appropriate social and cultural 
setting.” 

The most surprising result of all, however, was the relative incidence 
of the two “ functional ” psychoses, schizophrenia and the manic—depres- 
sive disorders. Of the fifty-three psychotics 73.6% were manic-depressive 
(nearly all of the depressed type); this is in startling contrast to the 
mental hospitals in the U. 8. where schizophrenics dominate while manic- 
depressives constitute less than 1596 of the first admissions. Eaton 
and Weill relate this difference to the social cohesion of the Hutterite 
family and society generally, the stress on rigorous religious duty, and 
the internalizing of aggressive drives. 

Throughout the entire work, representing a fine example of àn 
interdisciplinary study, the writers display scientific caution and 
qualify their conclusions with commendable judgment. In a final 
appeudix they outline a careful and complete account of the methodology 
which gives the reader confidence in the validity of the findings. I? 
spite of the important stress on cultural factors in mental disorders 


220 of these were epilepties without psychotic or mental defective traits and 
were included only for sake of completeness. 
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Eato 
saton and Weill, as 
conclude that the "s à result of their experience with the Hutterit 
i ere gs probably i 
and neurosis in e is probably an irreducible minimum of prin a 
р х апу society. “ i i lint 
а perfect social © society. " Our findings contain no blueprint ps 
А social order. On the contr is 
E. le ary, : 
Len rn. contrary, a mental health utopia is 
Wes 
ңе Reserve Universit — 
leveland, Ohio. "T 


Readiy ж 
2 in Anthropology. By E. А. Hornet iD е 
i Ri. Sarre al ve à eM EBEL, J. D. JEN 
ù. Siri. ix and 417 рр. McGraw-Hill, N. Y., 195 


" lteviewi ras В 
м, "- ePi un is a tough assignment. At best it is a difficult 
галыр. of is а thankless task. In the first place there are fow 
really و ن‎ ^ Me to encompass scope. In the second place it is not 
Second-guessi rat is scanned, but selection. This involves too mueh 
Vision. € as the saying goes, “ hindsight always has 20-20 
knowledge fe Е П put on my trifocals and get to work: one view for 
One for 5, reasonably acceptable) ; one for experience (fairly extensive) ; 


i н (unlimited). 

Man Puce eight Parts in this book: 
nology . ^v n: Physical Anthropology and Race; Primitive Tech- 
OA е Society; Language; Society and Culture; Applied 
Pology <a м I shall here consider only Prehistory, Physical Anthro- 
or Social tace, and Applied Anthropology (really Applied Cultural 


Anthropology, the Study of 


The i aaa Sa 
"caq by {кеш have aimed at repri 
ceptable ginning students, On the whole, the ref 
“OMprehey not always the most rep 
two that must stand challenge. 
t stone tools than about 
e literary rendi- 


nting certain source articles to be 
iine s 7 ‘erences chosen are 
Каш, in my opinion, resentative or 

eB е Under Prehistory are 

"Отд s © Prehistoric Men ” is far more abou 
T of field > roads. more like th 
ace of N notes, Td have swapped both for Clark Howell's “The 

eanderthal man in human evolution,” or апу one of the 


Pith 
І; Y and 9 
gh Concise articles by Le Gros Clark, Straus, OF Vallois. “ New 
es a point. The article 


„Эл оп . 
ММ Sigs QU undam K by Linton also rais 
ы iki MN. and in it Linton says. * Since the Agoda of the 
17 due in hj gcc has given professional anthropologists Jess than 
is delightful book, ...." This gives the reader а no-longer 
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valid impression. The authors might well have footnoted a reference 
eiie." Frank 


to Ileyerdahl's detailed © American Indians of the P 
toberts? “ The Early Americans “ and lHeizer's “ Radiocarbon Dating " 
are well-chosen. 

Under © Physical Anthropology and Race” (why the dichotomy?) 
there are several references which might well have been alternatives. 
Because it gives the beginning student a broader perspective Ud have 
preferred MeCown's “ The training and education of a physical anthro- 
pologist ? to the quoted “The New Physical Anthropology " by Wash- 


burn. In this essay Washburn says, “The new physical anthropology 
is primarily an area of interest, the desire to understand the process 
of primate evolution and human variation by the most efficient techniques 
* This, standing by itself, fails to inform the beginner of the 
dynamics of a physical anthropology that encompasses not only the 
genetics of apes and, fossil man, but the bio-medico-dental problems 
of modern living human beings. Га like to have also seen readings such 
as Brogek’s * Measuring nutriture," Drivers © Statistics in Anthro- 
pology,” and Thieme’s, “The population as a unit of study." The 
“new anthropology " must be defined not only in terms of past processes 
but—even more cogently, I think—in terms of the genetics and the 


available.’ 


bio-physiology of norms of human development, today. The selection 
of * Adaptive Changes in the Human Body " by Coon, Gann, and Birdsell 
“a [^s ST. reference in this Part, bringing dynamie thinking 

The Part on ** Applied Anthropology ? leaves Physieal Anthropology 
out in the cold. References by Firth, Tax, and Chapple discuss the 
application of socio-cultural theories and data to administrative problems. 
One looks in vain for the applied researches of Hooton, Randall, Russell 
Newman, Damon, Hertzberg, Evans, and others, The entire realm of 
Constitutional Medicine is slighted. 

The whole business of take-this, leave-this-out might well have been 
handled by either an explanatory linking paragraph between Parts, or 
the presentation of alternative or ancillary references. The serious 
student might then browse further, doing some evaluation on his own. 

I guess the whole problem of evaluating what-to-choose can be summed 
up in the final rather dour sentence of Washburn's *new article: 
“ There is nothing we do today which will not be done better tomorrow.” 
I guess, maybe, that goes for each article, for the whole volume—and 
for this review! 

W. M. KROGMAN 


Graduate School of Medicine, 
University of Pennsylvania. 
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hyste zs " 
i ‘usteal Anthropology of Ireland. By Е. A. Ноотох TI 
PERTON., Xix-L3 و‎ те N an . W. 
Atchueulomy "- жр pp. Papers of the Peabody Museum of 
meolosy and Ethnology, Harvard University, v ЧО аена 
1-2. $10.00, S) University, vol. XXX, Nos. 


Thanks 

Mois ча е" pee Ireland is now one of the best-deseribed 
pleted his sia- P do S s nior author, Professor E. A. Hooton, com- 
lieve ж A cm work just before his death, and this survey is the 
Students, ке E Dr. Dupertuis, who is one of his ablest 
"ils fone x mg MEDALS of all the male Irish, and a 
l'ortungte "udi — wie measured by Dr. Helen Dawson. This 

ination of personnel resulted in a superb example of the 


athe method. 
її his lifer 
Of the и зими Hooton and his students produced most 
anthropometry — in the United States on racial and criminal 
| In design. aud zs — major works are meticulous in detail, complex 
SOE ыру jh aue and controversial, ITooton’s interests were 
Поп often eli к e, and his published studies of race, physique and oceupa- 
his — ivited cacophonous protests from his many critics. At times 
Ys became unwieldy and marred by faulty sampling, and his 
acterized 


e 

ШЕ 

SOSE enterpris p ri 

by prise, the survey of American criminals, was char: 
trie technique between the ? 


Consider А 
. 5 ч ` for 1 
fie] ible differences in anthropome 


1 Work 
| жаб, performed the measurements. 
With adult Ir ure minimal in the Irish survey. Most of the data, dealing 
Survey ds E a were the work of Dupertuis alone. Dr. Dawson’s 
fully rli > women was localized in western Ireland. and is not very 
ië ҮҮ ot - into the major portions of {һе text, whieh grew out of 
: 1e men, 


Consi 
SA Nsiderj А 
36), ring the time when the male me 


urh 


asurements were made (1934- 
igly good, although too few 
45,000 miles, Dupertuis 
over 10.000 subjects, а avels has 
of eta ачен н wee 
Toland, {| ontributions include 
"Оаза dos 1e geomorphology and topography 
м Mor eseription of regional variations in it 

Phological observations of the male series. 
i. Pli. by excellent maps. Regional differences in body 
1e only important ambiguity, and the confusion 10 this 
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picture was forced on Dr. Dupertuis by the necessity of measuring weight 


with clothing on at all seasons of the vear. This limitation of the data is 


all the more regrettable in view of recent findings on climate and body 
weight in man by a number of anthropologists. 

In considering the maps of morphological features in Ireland, one 
may object that modern zoogeographie devices such as clines were not 
used. The regional differences are presented very clearly, however, and 
some future scholar with keen intuitions may be able to make use of 
them in studies of the evolutionary dynamics of the Irish population. 

Next comes a sorting of the male series into subracial classes or 
morphological types. This reviewer has criticized the use of this method 
in reconstructing remote racial history (Am. J. Phys. Anthrop., 73, 
pp. 388-389). It is suitable for studies on recent race mixture, assortative 
mating or occupational preferences, but genetie considerations indicate 
that it should not be used to sort out supposedly ancestral strains in 
long-established human populations. 

Some interesting relationships among morphologieal types, age and 
occupation were found. Nordies, for example, are very scarce, Among 
the Irish, as in American convicts, Nordics are to a large extent an 
immature age group rather than a subrace. In Ireland, the Nordics 
occupy quite undistinguished stations in life, and remind one of the 
“gentle and furtive? Nordies in American prisons, as described in 
Hooton’s book Crime and the Man. Tooton’s lifework gives small comfort 
to anyone who still defends the racial superiority of Nordics. 

In the field of racial history, the attempts to relate the regional 
variations of the Irish to prehistorie migrations are unsuccessful, and 
this reviewer wonders how convineing this kind of remote analysis can 
ever be. Ancient Irish сгапіа are rare and localized, and the literature 
on the racial anthropometry of Great Dritain is only fragmentary. 
Regional traces of the Norse and English invasions seem to be more 
obvious than those of апу earlier peoples, No evidence was found of 
local enclaves of swarthy or dark-eyed Irishmen, either as descendants 
of prehistoric immigrants or of such putative recent arrivals as the 
shipwrecked sailors from the Spanish Armada. This ubiquitous tidbit 
of Trish folklore can now be dismissed ав pure fantasy. 

To the racial historian, an important section is the controversy with 
Professor C. 8. Coon on the survival of European * Upper Paleolithic 
physical types in Ireland. Coon's great work The Haces of Europe has 
as a major thesis the “reduction ” or fetalization of the skull in the 
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pre-Neolithic pe 
of the area, 

of this trend 
revie 


oples of Europe to produce most of the living populations 
Coon thinks that western Ireland shows a minimal amount 
. Hooton and Dupertuis contest this verdict, but to this 
Wer, Coon's reconstruction still stands. 

With all its great merits and lesser faults, the Irish survey is the 
consummation of Hooton’s life work. It is rich in detailed information 
of value to the historian, archaeologist or biologist. For those who have 
Not the privilege of studying the Irish physiognomy in sifu or in the 
Boston Subway, the many excellent photographs are a tolerable substitute, 
and may stimulate many casual readers to enjoy the text as well. 


Epwarp E. HUNT, JR. 


Forsyth Dental Infirmary, 
Boston, 


Anthropological and Ophthalmological Studies on the Angmagssalik 
Eskimos, By Erir SKELLER. 231 рр. Reprinted from “ Meddelelser 
9m Groenland " Bind 107, Nr. 4, Copenhagen, 1954. 


Danish anthropology has scored again. The Angmagssalik т: 
are now one Of the best known peoples in respect to both tooth morphology 
(P. 0, Pedersen, 1949, in the same monograph series) and the appearance 
= the eye and its refraction (the work under review). dcr pera 
Skeller has included general anthropometric, anthroposcopie and T зв 
Surveys of this group of East Greenland Eskimo and has related é 
Studies to each aies to other Eskimo studies, to what is known "а 
9ngoloiq peoples in general, and to the leading noni ч 
the race concept, race formation and race age sai 
He devotes the first chapter to a brief discussion of ee 
efalling the Eskimos because of civilization. The ar^ ipod 
* Concept of race in anthropology ; contrasting classical ә т the latter 
th the Population-genetical method, Skeller aw К {ег 1п{то- 
Supplements but does not replace the former. The third 5 of their 
"ces the geographic distribution of the Eskimos, "үз culture 
ез ttions, and new archaeological evidence m SE Dine: 
Wences. The rest of the chapter is devoted to the ре ping ipie 
апд апа especially Angmagssalik ; prehistoric and historie populat 
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nts; the question of European admixture on this isolated part 


moveme А S بون‎ gend к 
East Coast; the practice of wife exchange and its relation 


of the Rho i à 
пее studies; and age and sex distribution of the population. 
genetic 8 Г 


In Chapter 4 Skeller reviews the anthropometric studies of up 
skeletons, and of living Eskimos, Indians, and Mongoloids. Chapter 5 
takes up each of 39 measurements and observations in turn, reports the 
author’s data, and compares them to some of the findings of previous 
studies. Chapters 6 and 7 are methodological. Skeller analyzes and 
rejects use of the typological approach. lle discusses the relation of 
diet to stature, criticizes the coefficient of racial likeness, compares his 
data with an independent series of the same groups of people measured 
15 years earlier by Gessain (in stature, head measurements and bizygo- 
metric diameter the agreement is excellent; in sitting height and morpho- 
logical face height their differences are apparent), and indicates the 
need for observations of differences between several groups or in many 
traits because of the possibility of recent random genetic drift in Eskimos. 

Clapters 8 and 9 take up the genetic traits: blood groups, iris color, 
finger prints, etc. The inhabitants of the west coast of Greenland are 
characterized as a hybrid population intermediate between the Angmags- 
salik апа Danes and Icelanders. This is disclosed more readily by 
means of the genetically conditioned characteristics than by anthropo- 
metric ones. 

Chapter 10 concerns the exterior eye. It is an especially thorough 
discussion of eye folds. In this series the most common adult form has 
a tarsal fold that leaves the margin free and a marginal fold that 
originates below the tarsal fold, partly covers the caruneula and ends 
in the skin of the nose. 

Chapter 11 discusses in detail the refraction of the eye, By plotting 
Eskimo and other refraction curves on probability paper, Skeller shows 
that they can be explained as the result of two Gaussian curves. Не 
suggests that these represent two genctically different groups and that 
the Gaussian form represents the effects of exogenous, environmental, 
factors. Thus the two theories of etiology of myopia, that it is gene 
determined and that it is the result of excessive reading or other neat 
work, are ingeniously combined in this hypothesis. 

To summarize, this work contains all the usual appurtenances of 
a monograph in physical anthropology: numerous tables of measure- 
ments, front and side view photographs of 21 subjects, liberal citations 
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nne Redde ete. But all this material is focused on a series of 
re. i = nt of interbreeding. the effects of European diet, the 
r “з a i j 1 E Mongoloids, the dominance of green eye color, and 
уб кй ^s abite gene determining ocular refraction. The author 
^ secu i › f suggestions for future study, but the list is too short ; 
і may think of more nearly 70. 
Wayne State Unive rsity, Ее 
Detroit, Michigan. T 


Grow 
rou th at Adolescence, By J. M. TANNER. 212 pp. Charles C. Thomas, 
Springfield, Ilinois. 1955. $5.85. 


tien bearer among medical educators is that instruction 
i ies я E toward the pathologie and the abnormal before 
ea ond Spe section of the nonpathologie or normal is developed. 
тна a life has this been so true as in that dimly defined as 

. Temporarily suspended in the limbo between pediatrics and 
s through a period of anatomic, 
approximates rates of 


pio лабе the adolescent pass 
Chine on d psychologie alterations which ime 
the E otherwise only during the first years of life. Many of 
result Е: з have been documented within recent years, partly aa a 
OF dite p. irowth and Development | studies, but no single review 

om diverse sources expressing diverse interpretations has 


n avai 2 i а ч 3 
wailable until the publication of this monograph. The book covers 
h have appeared since 


Aree] y y 

m ¥ pertinent material from publications whie 

Big uding some of the author's reports from the Harpenden Growth 
У. Very little unpublished data is cited. Charts and tables are 


Nag 

a ha it should be stressed that this monograph more н : 
vts м, оп data than a compendium like the W seer i p 

° Кыл feature is the redrawing of previously publis x € 8 

Volume, e greater uniformity and easier comparison throughout the 
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T} | | 
sn к author is clearly aware of limitations resulting from studies 
“ma " и 9 : es 

l groups, from vagaries of technics. and from damping effects of 
rgitudinal surveys; he is careful to 


° qu Which conclusions are well founded and which are still open 
sti . H " 
iom ‚з For example, he is careful to point out that ordinary 
ric data are well documented and permit operative conclusions, 
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whereas data on sexual dimorphism are sparse and statements based on 
them are less reliable at the present time. Nevertheless the author is 
willing to express personal opinions even on subjects in which active 
researchers may easily find reason for disagreement, This personal touch 
throughout the book, carrying pleasant intimations of the lecture hall, 
makes for an extremely readable presentation. 

In the sections devoted to physical growth, the author calls attention 
to the value of graphic representation of annual inerements in comparison 
with the more common cumulative graphs. Variations in velocity of 
change of any characteristic studied are more easily recognized by this 
technic. As a corollary, individuals are more effectively compared by 
holding physiologic status constant than by holding chronological status 
constant; е. g., menarche, age at peak of growth spurt, ete. The sequence 
of development of secondary sex characteristics and the variations are 
described in detail so that anxieties among children and their parents 


^ 


pating subsequent growth, should have considerable practical interest 
for orthopedie Surgeons concerned with epiphyseolyses, spine fusions, 
ete. ; they are diseussed in a chapter on “ Developmental Age and Concept 
of Physiological Maturity.” Extremely valuable chapters are those on 
“ Physiologic Changes at Adolescence ” and *'The Endocrinology of 
Adolescence ” even if the discussions are largely theoretical. Naturally 
à Section on Mentality and Behavior is included, and the book concludes 
with comparative data from animal studies and a short section on technics 
of examination. There are the technics used at the Harpenden Growth 
Study; they include standard anthropometric examinations, photographs 
permitting measurements from enlargements, and radiographic examina- 
tions of chest, bones, teeth and soft tissues of the extremities. The 
accuracy of the last mentioned is enhanced by the simple expedient of 
maintaining the central plane of the limb at a fixed distance from the 
film (10 em.). This places a limb of small girth somewhat remote from 
the film, but from the published illustrations no great loss of detail 
is recognized. Such loss as ig present could be minimized by utilizing 
one of the recently available 0.3 mm. focal spot x-ray tubes. An extensive 
bibliography is appended. 

Dr. Tanner has rendered a great service in consolidating the informa- 
tion on growth at adolescence and offering interpretations for those less 
able than he to evaluate the data. He has succeeded in focusing ОП ® 
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relatively neglected, complicated phase of human growth while main- 
taining its continuity with other phases both earlier and later. His 
efforts Will be appreciated by those to whom he addresses the work in 
the preface; medical students and their teachers, biologists, anthro- 
Pologists, and particularly to physicians concerned with children and 
adolescents, 

FREDERIC N. SILVERMAN 


The Children's Hospital, 
Cincinnati, Ohio. 
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Тнк EXPRESSION OF THE EMOTIONS IN MAN AND ANIMALS By Charles Darwin. 
xi + 372 pp. Philosophical Library, New York, 1955, $6.00, In her brief 
preface to this edition of a classical treatise, Margaret Mead notes the 


value of Darwin's inquiry for the present-day study of the non-verbal 
of recent 


aspects of human communication (* kinesies 7), Eight pi 
drawings and photographs of expressive behavior were added. 

NonADRENALINE. By U.S. von Euler. xxi + 382 рр. Charles C, Thomas, Spring- 
field, IIl, 1956. $11.50, A comprehensive monograph by one of the out- 
standing investigators on the adrenergic nerve transmitter and suprarenal 
medullary hormone. Most of tlie 750 references were published within the 
last 10 years. 

EXCEPTIONAL CHILDREN. By Florence L Goodenough, x + 248 pp. Appleton- 
Century-Crofts, Inc., New York, 1 $4.50, Against a rich background of 
experience in research and teaching in child development, the author deals 
with exceptionally intelligent and talented children, the intellectually 
inadequate, children with speech defects, and the physically handicapped. 


NEUTRAL CONTROL OF THE PITUITARY GLAND. By G. W. Harris. ix + 208 pp. 
The Williams and Wilkins Co., Baltimore, 1955. $6.75. A survey of 
current information on the hypophysis (pituitary, the “ master gland ") 
designed for the advanced student, Last chapter deals with the effects of 
hormones on patterns of behavior. 

CULTURE AND EXPERIENCE. By A. Irving Hallowell, xvi + 434 pp. University 
of Pennsylvania Press, Philadelphia, 1955. $7.00. An important publi- 
cation of selected papers dealing with problems on the borderline between 
anthropology and psychology, Focussed on “conditions that make a human 
existence possible and which account for the distinctive quality of human 
experience." 


INFANT NUTRITION IN THE SUBTROPICS AND Trovics. By D. B. Jelliffe. 237 pP: 
World Health Organization, Geneva, 1955. $5.00. Following a review of 
infant-feeding practices, the author describes in detail the common nutri- 
tional diseases (including anemia, avitaminosis A, beriberi, rickets, and 
kwashiorkor) and methods of prevention, 28 pictures, 213 references. 

Sexual Precociry, By Hugh Jolly. + 276 pp. Charles C. Thomas, Spring 
field, Ill, 1 - $6.75. A survey of 69 cases of sexual precocity, most of 
which fall into 3 etiological groups: "cerebral," adrenal, and gonadal. 
Typically, there is accelerated rate of skeletal growth but no precocity 11 
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оу ERA "PLEMENTS ON DENTAL CARIES IN 

тебе Ps Н.Н. Stones, and Н. N. ы hà "us 

ены бщ pond Omedi; London, 1955. (Available from the айй 

Rud wat ны нез, 30 Rockefeller Plaza, New York 20). $0.77. A 

ie cR ndent studis (in the London area, in Liverpool and 

ina LA 2 en Substantial differences in sugar content of the 
significant effect on the initiation or spread of detal caries 


different a s its s ed a Ў 
approaches to its study 0 P 
ss - J. Olds contributed a 1 
J ong paper on the 


| йды nr ри years, 
| T diis RMACOKOGY, Edited by Nathan S. Kline, x 05 i 
^ кесен for the Advancement of геа yg 
lecum le hig ‘se of new pharmaceuticals, piu BIGE: 
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Мова b (W. Overholser, Foreword). 
A study of first admissions to hospitals for 


m AND MENTAL DISEASE: 

menta is tow Y 1 К 

" is pa ‚ New York, 1939-1941. By Benjamin Malzberg and Everett 
. X-+ 142 pp. Social Science Research Council, New York, 1956. 


y 
$1.50. T 
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complex interrelat; ; А 
| interrelationships between migration and mental disease. Principal 


Conclusions : 
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Migrants. тетп 
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БЯ $4.00. This eighth volume in t 
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THE INFLUENCE OF FOOD, BODY BUILD, AND 
SOCIAL ORIGIN ON THE AGE AT MENARCHE 


BY LEA KRALJ-CERCEK 
Institute of Anthropology, University of Ljubljana, Yugoslavia 


INTRODUCTION 


arche—is widely used as a 


N girls, the first menstruation—men 
ifies neither the 


_ Criterion of sexual maturity, although it sign 
ginning nor the end of pubertal development. 
, The justification for the use of this criterion is the fact that ovula- 
on or the formation and discharge of egg cells is closely connected— 
Srmally—with menstruation. 
aviation in the age at menarche depends upon 
Many factors. They are partly determined genetically, partly by the 
Datura] environment which acts upon the girl before menarche, especially 
Climate and geographical location (Škerlj, 31 and 735; Wehefritz, 37; 
111 and de Orchi, 39; еїс.), апа partly by factors to be found in the 


SOej . 
с1а] environment. ara 
ee rch 
Rase4 


э ett ^aM. 
E am | 


а Ж. 


The wide range of v 
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MATERIAL AND METHODS 

The investigated material was collected from girls at two secondary 

schools and from acqaintances, all of whom were born in the north- 

eastern region of Slovenia (Styria) where they also lived the majority 
of the time from birth until menarche. 

3 girls examined, I obtained the exact dates of their menarches 


For 22 
and, consequently, I could determine the exact age at menarche in 


А questionnaire was formulated following 


years, months, and days. 
Professor Skerlj’s advice. 

For comparison, particulars of 52 girls from 10.0 to 24.9 years of 
age on the island of Susak near Lošinj in the northern Adriatie were 
gathered and treated in the same manner. 


RESULTS 


The Mean Age at menarche. 


Я а : : j 

The minimum age at menarche in this group is 120 months (10.0 
years) and the maximum, 207 months (17.25 years). The caleulated 
mean value at menarche in this group is: 


M + my == 18.61 + 0.83 years 


С То = 1.93 + 0.59 years 


а value between the limits of M о is considered typical, in this case 
12.38 to 14.8 years of age. Within these limits ате 181 individuals 
or 81.1%. (In a completely normal distribution, 68.26% of all occur- 
rences would be expected within these limits.) 

The mean age at menarche of the present group 
higher than the value (M = 13.43) obtained by Škerlj (40) fron 


Tirs ê T ары; ON г s °. Mforenee 
Slovenian secondary school girls. One of the reasons for this different 
areas. 


is two months 
1 591 


is probably that menarche occurs sooner in urban than rural 
Perhaps the same reason accounts also for the later onset of menarche 
on the island of Susak, though one must not exclude other factors (low 
hygienic and bad social conditions, ete.), which very probably pepe 
menarche. "The mean age at menarche of 52 girls from the island 9 
Susak is: | 

M + my=13.94 +017 years 


o -Emg— 1.235 + 0.122. years. 


The mean is 3.96 months higher than the mean for Styrian girls, 


CO 


{ 


| 


AGE AT MENARCHE 


TABLE 1 


The distribution according to the age at which menarche occurs, in months 


аай с 


and 
Sker] 
ter 
' 
е 
Calen 


AGE OF THE GIRL 
AT THEM ENARCHE NUMBER 


AGE OF THE GIRL 
AT THE ME 


ARCHE NUMBER 


CALCULATED TO or CALCULATED TO OF 

NEAREST MONTH GIRLS NEAREST МОХТИ GIRLS 
120 1 165 3 
123 1 166 6 
129 1 167 8 
132 3 168 16 
133 2 169 6 
136 1 170 4 
140 2 171 5 
142 3 172 4 
143 1 173 6 
144 6 174 6 
146 3 175 3 
148 6 176 2 
149 3 177 * 
150 5 178 3 
151 3 179 2 
152 5 180 5 
153 3 181 à 
154 4 182 3 
155 2 183 1 
156 18 187 i 
157 0 188 1 
158 4 189 n 
159 10 190 : 
160 8 191 : 
161 4 192 М 
162 4 218 { 
163 4 i 
164 2 T 

О. «us ina vac ми» dase tocan ro» nn эш 


6.16 months higher than the mean 
1 for secondary school girls in Ljubljana. 
Turlock, 49) found for a g 
Бе exactly the same mean v 
lated for our 223 Styrian girls. 


(M = 1343 years) found by 


Gound and Gould (cited 


roup of 680 girls | 
alue (M=13.61 years) which was 
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Using tl i = 
sing the equation y = 72.6reà: 1.512 
1 2 Gre 2 5129 In 
ge EE E . graph 1 shows the normal 
; jueney distribution polygon, and the i 
Comparison of the poly s JEON. айп Hie REND арна. The 
ahini de ai e polygon with the normal curve shows a good fit 
8 ke enue Bu а : 
also confirmed by the theoretical curve on which the mm f 
' sums o 


the observed frequencies are distributed. 
IN Graph 1 
рт Я The age at menarche for 223 girls à ul 
230 1. Normal curve Desteioatken 
Il Integral curve 
?10 Ill. Frequency distribution polygon о ; S AM 


0,5 11,5 125 145 155 
Age [years] —— 
FIGURE 1. 


on Hazen's probability logarith- 
e is a straight line, from 
be estimated to 


Gr; 
1 9 qw " 

Mie üph 2 represent the integral curve 
Janay xv Med 
Whio! tper, where the theoretical integral curv 
| e in the group can 


ht 2 
One. he probability of menarch 


tenth of à year. 


In 
fluence of nutrition on the age at menarche. 
narche depends on the type 
To investigate the influence 
Slovenia (Styria) and 
according to their nutri- 
xed, and carbohydratic. 


e pes by Škerlj (‘47) the age at me 
nutriti n the girl had before menarche. 
the 59 р ion, {һе 223 girls from northeastern 
ti i rom the island of Susak were classified 

nto the following groups: proteinous, mi 


398 LEA KRALJ-CERCEK 


Graph 2. 
Integral of the normal curve distribution 
ТЛ 5 = ТП 
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т} 
le tv D [ "ia 
уре of nourishment was marked on the form in answer to the 


questions ¢ AE К 
Iuestions and the girls’ own classifications. 
P girls, 45 ate proteinous, 75 mixed, and 103 predominantly 


The characteristics in table 3 show that the girls 


Among x 
carbohydratie food. 
Who ate pre э : n 
к te predominantly proteinous food had their menarche sooner than 
girls who ate mi Е ie f 
c ho ate mixed, whereas those who ate earbohydratie food menstru- 
sted lates Т spite Ё р кле? $ 

itest. The results are in accordance with Skerlj's assumption, that 


protei & f Н : 

a E food has an influence on earlier menarche.’ 

le itferenees ғ Ч : 

чень ditferenecs between the single groups are without а doubt 

aracter HN Н m ` . mo А 
Е eristie since the “ET scores of the differences between the single 
è 1 эх, m3 TT J б 1 | Е 
: Ds especially between the two extreme ones, are statistically 
Significant, ` 
Proteinous to mixed food: tp = 3.87 


Mixed to carbohydratie food: tp = 3.59 
Proteinous to earbohydratie food: ty = 8.13. 
TABLE 3 
Slovenian girls, according 


Char 

acteristi " 

cleristics of the age at menarche, in. years, of the 
to the kind of nutrition 


B Е САКВОНҮРКАТІС 


PROTEINOUS 


n Е _— — 
po eub number number — 103 
M + 
È my = 12.65 + 0.133 M + my = M xny 14.1010 
" 
J me = 08840.004 ото = gt то = 1.6 + 0.080 


TABLE 4 

Chay | . 
tracteristics of the age at menarche, in years, of the Susak girls according to 

the kind of nutrition 


CARBOILYDRATIC 


~~ __Phorervovs MIXED 
n hes -— = 
À stb us 10 number = 17 number = 95 
A + , s 
Emy = 12.9 +0237 Мт = 41 £0207 Me my = 142 + 0231 
vis + 0.237 M+ J i 
=т= 07310103 ож то = 122 6 0308 cmo 115 £ 0168 
similar results (table 4) 


B А 1 ic d n B 
Woy *Y using the same method of investigation, 
i i . p sal 
¢ obtained for 52 girls of the island of Susak. 
e weekly and daily frequencies of 
k had their menarche at 


cording to th 
74, whereas girls who 


times a wee 
t 11.5 z 0. 
0.25 years. 


1 
S б classified the girls ас o 
S3 i: ip Girls who ate meat at least 7 
S R 0.61, those who ate meat twice à day à А 
fat only once а week had their menarche at 14.10 + 
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Menarche and body build. 

An interesting factor is the girl's body build in relation to menarche. 
The girls were classified visually during gymnastic classes when they 
wore gym clothing: 

1. Baroque: * pyknie.” broad body build, feminine 


tenaissance: “medium ” 


[61 


3. Gothic: “linear” or “boyish” type, angular 


The mean values and other statistical characteristics are presented 
in table 5 from which it is evident that girls of the baroque type 
menstruate earlier than girls of the renaissance iype, whereas the gothic 
type have the latest menarche. 


TABLE 5 


Age in ycars at menarche in relation to body-build of 228 girls 


BAROQUE TYPE RENAISSANCE TYPE GOTHIC TYPE 


number = 69 number = 97 number = 57 
М + my = 12.93 + 0.222 M+my=13.5 +0104 M+ my = 14.61 + 0.134 


— 


с m= 1.20 + 0.080 ctme= 0.96 + 0.073 с + m= 0.954 0.089 


The difference between the single groups, especially between extreme 
groups, are statistically significant as shown by the following “ (? scores: 


Baroque to Renaissance type: tp = 2.33 
Renaissance to Gothic type: lp = 6.34 
Gothic to Baroque type: tp = 6.38. 


Škerlj et al. (53) found in 1,709 girls that the “pyknic” oT fat 


ones have the earliest menarche (M = 12.99 years) and that the lepto- 
somatic girls (M — 13.50 years) mature later than the eurysomatic ones 
(M = 13.36 years). The medium ones, of “normo-type” mature the 
latest (M — 13.66 years). By comparing the values in table 5 with 
those of Škerlj it is evident that only the mean values for the рук! 
type correspond. The reason for the difference in other types probably 
is the different method of body-typing. 

On the island of Susak, girls are maturing according to their respec 
tive body build in the same order: 14 girls of the baroque type гу 
their menarche at 13.40 + 0.267 years; 21 girls of the medium tyP 


Ки cc 


ӘНӘ ———— ee 
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at 14.05 = 0.252 years, and 17 girls of i 
+ 0.252 years, s ? girls of the g ty р E 
ide g of the gothic type at 14.3 + 0.326 
5 bs сеси are not as large as the mainland group but in spite 
us, the 777 score between the two extreme groups i isti 
s A ^g s is statis 7 
significant: мыйы 
baroque to койне type: (p= 2.14. 


Influence of social origin. 
M n . . . + » B t 
The results, achieved by investigating the influence of social origin 
on <a j я ек " 
the age at menarche, are in accordance with the findings of several 
au - basi: fk * ВР ‚ 
authors (Skerlj, 50: Peller and Zimmermann, 732; Schreiner, 22; and 
others), 
^ 
i From the answers of the 223 girls and from my estimation according 
0 mtd ; s Р 2 
? the parents’ vocations, the social enviroment was classified. The 
girls ] 3 "We . S i 
girls of good social origin had their menarche first, then the inter- 


med; 
Nediate, and last the poor group. 
TABLE 6 


Age in years at menarche in relation to social status of 228 girls 


ии Goop Е MEDIUM POOR 
number = 80 number = 123 number = 20 

Me my = 13.98 40134 M b my = 1871 = 0.104. Me my М2 50 282 
imgs IEEE OOD emam ERGEDUIS на LAEN 


T 1 "ot 
The “4” scores for the differences between the single groups are: 
1 H Hye ° — 34 

Good to medium social status: tp = 2.04 
Medium to poor social status: (p = 1.50 
; urs 

Good to poor social status: tp — 2.51. 


The influence of social origin is evident also in the group of girls 
rom the island of Susak. The differences between the single groups 
een the single 


2e in spite of the small number, greater than those betw. 
The “4” score for the difference between 
and medium (M = 13.17 years) group is 
(M =14.5 years) is tp = 2.25, 


ене presented in table 6. 
Good (Jf — 12.9 years) 
md nen between medium and pia | 
etween good and poor 18 1р = 5.08. 


TO "ow ssible Jaim that the social status 
Interestingly enough, it 1s impossible to clai a 
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good corresponds to the proteinous, the medium to the mixed. and the 
poor to the carbohydratie nutrition; contrary to this, the type of 
nutrition is more or less uniformly distributed among the groups good, 
medium, and poor. Within the good group { of the girls ate pro- 
е carbohydratie food. In the medium 


teinous, 32 mixed, and 42 
: i irls ate protei sager mixed, y 49.8% 
group 22.4% of the girls ate proteinous, 27.8% mixed, and 49.8 


carbohydratic food. In the poor group 2 


of the girls ate proteinous, 


25% mixed, and 50% carbohydratic food. 


e) 


Consequently, one has to investigate the influence of social origin 
on the age at menarche as a separate factor and not identify the social 
origin with the kind of nutrition. 


DISCUSSION 

From the preceding, it is evident that various environmental factors, 
natural as well as social. influence the age at the menarche: nutrition, 
social conditions, and what may be called (with some reservation) “ body 
build.” If we were to investigate the influence of only опе of these 
factors to estimate its © weight.” we would have to eliminate all the 
others. If we do not do this, we negate the factors the influence of 
which we already admitted as proved. 

The mean age at menarche (SJ) may be presented as a mathe- 
matical function of the single parameters: 


SM = [/0,; (p. m,o) ; (b, 7,9) 5 (A, B, C) ;.Y/ 


Or = influence of natural b == baroque type 
environment т == renaissance type 
p= proteinous food g = gothic type 
m = mixed food -Y — all up to the present 
o = carbohydratie food unknown or unexplained 
A = social status good factors, which should be 
В — social status medium put into the formula. 


C — social status poor 
Since each girl within the investigated group ate more OF less 
specifically one of the basie kinds of food, belonged to a distinct poi 
totype. and lived in a good, medium, or poor social condition. ре 
quently, to investigate the dependence of the age at menarche pa 
any one of the parameters, it would be mathematically incorrect € 
fix all the others. Investigating the absolute © weight? of the aes 
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of nutrition. I find the soluti i this f i 
remis ind the solution of this function would be generally 


1. SAM'—f/(ni(b):(A)/ 
m-—0;0—0;r—0;g—0;B-—0;C—0; 


. SI" — (m) (bi) 
po0:00;:r—0;g—0;B—0;0—0; 


a m =f (0): (b) : C1) 
p90;m-—0i:r—0;g 0;B=0;C=0; 


i Since the entire group is from the same region (Styria), O, is fixed; 
lerefore, this factor has the same “weight " of effect on all the results: 
чш. Oy is itself eliminated in the search for the differences 
etweon SI, SM", SMM, ie, On = 0. 

For the time being, the same may be assumed for the parameter V. 


tg 9 =l, d, = difference due to the different influence of 

M SM = the proteinous and mixed nutrition ; 

ıl. — difference due to the different influence of 
mixed and earbohydratie nutrition ; 

d; — difference due to the different influence of 
proteinous and carbohydratie nutrition. 


Se eam "T 


of all other 


Similarly the “absolute weight" of the influence 
of possible 


Parameters could be obtained; there is a large number 
Combinations. 

If we do not. fix primarily the influence of nourishment, an error 
results from the effect of nutrition when investigating the body build’s 
Influence, whieh is shown in figure 3. 

In the group of 233 girls from northeastern Slovenia differences 
already arise if we investigate the influence of the different kinds of 
Nutrition within the group of girls of equal body build without respect 
; This may be scen from 


the girls belong. : 
within the three fixed basie kinds of 
and conversely. 


xtremes confirm that 


" the social status to which 
ite results in table 7 in which, 
food, the influence of body build is to be found, 
The “4” scores of differences between the e 
These differences are statistically significant. 


r Р 68 
The * 17 scores of differences between the extreme groups are: 


tp = 6.45 
1p = 6.64 
[p — 3.18 


ji ре? 


bp— bo: lp = 3.54 


lp = 4.05 ny — My: 


Py — Го: 
Oy — 0: 


д»— Jo: n= 7.43 


К 


М 
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Since tl i i [u 
te intention of this i i 
Н Is paper is resti 
бина. у ees par ; Іх not to investigate the whole 
i possibilities and meaning of such a treg 
de va ina гө Jug OF s reatment has been 
as н, se examples. In considering the social status also the 
t eters c ave DU arr s 1 n 
could have been arranged according to their “wei he” of 
т ‚нй 


influence 
fluence on the age at menarche. 


ә 
ге 
аз 
Ф 
> 


o 


E OF NUTRITION ON ESTIMATION OF AGE 


^T Men 
7NARCHE ACCORDING TO BODY TYPE. 


d, — di B " 
ı = difference in. years between Soo» representing the mean value for the 


ы proteinous food for the gothic girls 
S, = the mean value resulting from the mean values of the sum: 
carbohydratie nutrition of the baroque type, 
mixed nutrition of the baroque type, and 
type 
resulting only from the 


Soon = 
S 


Я 
tmb = 


1 Ns = proteinous nutrition of the baroque 

04 — di : 

з — difference in years between So,» and Son 
different types (baroque-gothic) 


Id = $ : iti 
l = cdi error resulting from the influence of nutrition 


CONCLUSIONS 


" The mean age at menarche of 223 secondary school girls in north- 
astern Slovenia is 13.61 + 0.83 years. It ranges from 10.0 to 17.25 


ca Typically, these girls have their menarche between the age of 12 

S and 4.6 months to 14 years and 10 months. 

toog trition markedly influences the rate of maturation ; proteinous 
accelerates, while carbohydratie nutrition inhibits the process. 


, mer investigations of the hormonal glands show a close connection 
the activity of the anterior lobe of the pituitary gland with sexual 
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glands, As known, the anterior lobe of the pituitary gland produces, 
among others, gonadotropical hormones which affect the sexual glands 
and stimulate them to increased activity. Up to the present there 18 
no satisfactory explanation for the causes of the increased production 
in gonadotropic hormones and the sensitivity of the gonads fe ise 
hormones in a more or less specific period during puberty.  Verhape 
just the influence of nutrition, which may be an activator or inhibitor, 
mmy explain the above question on. maturation. Only more extensive 
investigations of the endocrine glands by experimentation could perhaps 
give a satisfactory solution. 
Ы The results also show that body build has an influence on the age 
at menarche. Furthermore, the influence of social origin has been 
confirmed. 
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INTRODUCTION 


sently compe 


HE p ; i 
T ^ roentsgenosrammetrie and the pinch-caliper techniques of sub- 
Cutaneous fi с д, 
each wit] ORIS fat measurement are two pre titive methods, 
1 dts own particular advantages. The 
field use, but they compr 


| self. ; 
“Cont: * . 
miained and suitable for 
Teleroentgenograms, on the 


Is as 
iie: undetermined extent. 
often * ae of uncompressed singl 
Not, hi unsuitable for pinching. but the necessary 
avs available (ef. Brožek and Keys, 
Since both of these techniques : кз sed 
used, it is. of 3 еч se dec miques m —- А 
Second, th interest to determine first hw we 
, the extent to which the double fold is compr 
thickness measured on te 
a selected sample of 
al for both techniques, provi 


0 tl 
1 
Th e uncompressed single 
e z 
res 
ary Present study, conducted on 
"OW ¢ Я "Ae 
Wage range, and at a site ide 


n 


ШҮП 
йт ave ; 
ary answers to both questions. 


METHODS AND MATERIALS 


taken and pinch-caliper 
all stut 
and the weight rar 


R 

on Sentgenograms were 
a ү ere 
total of 65 young adult males, 


T} 
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to o, 8° range was 21.0 to 22.9 years, 
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pinch-calipers are portable, 
ess the tissues 
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e skin-plus-fat thicknesses, 
apparatus is 
750; Keys and Brožek, 53). 
and will continue to be 
] the results agree, and 
essed, in reference 
Jeroentgenograms. 
males with a 
des pre- 


measuremen ts made 
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Frc. 1. The latera raci ; 
eral thoracie section, traced from a postero-anterior chest 
etually 


roentgenogram, and showing (in 
g (in the rectang 
gular enclos rea а 
osure) the area 
jus-fat 


ineluded. The arrow points to the lead i ; 
thickness measured. ead indexing dot, and to the skin-P 


= 
| 


йе. 
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dede ns ү «шшш, the lower border of the left rib cage 
this level but Rg gen ы ари ша кишш dub ӨШ at 
ые М ^ axillary line. Then a true postero-anterior 

genogram was taken of this seetion, with the central ray directed 
Finally, the lead-rubber dot was removed, and a 
ng a spring-loaded caliper equipped with 
and exerting a constant pressure 


to the indexing dot. 


double fat-fold measured. us 
JUNG 30 square millimeters in ar 
OF 10 er; 
nated 


pictured by Edwards (50). It 
(no. 5) used by Škerlj ef al. (53. p. 580) but is well removed from 


ns per square millimeter.” "The site measured, which is desig- 


"lower thoracie.” apparently corresponds to chest site no. 4 
close to the “waist” measurement 


the chost-f. с 
chest-fat measurement employed by Newman (759). 
kin layer was measured at the 


: The thickness of a single fat-plus 
Indicated point on the radiographs at right angles to the skin surface, 
ы. vernier micrometer with ground tips (Garn and Saalberg, 753). 

als of the radiographic and roentgenogrammetric procedure other- 


Wise f я A м j 
e follow Garn (54). ‘The location of the measurement (lower 


inet fat) is shown in fig. 1. 
ised in the present. study. 


which is a tracing of an x-ray section 


FINDINGS 
As shown in fig. 2. the two sets of measurements exhibit a fairly 
сө of correlation (r= 0.88), and the relationship between the 
two appears to be reasonably linear, since the correlation ratio (p) is 
9 than the product moment correlation (r). The 
asurements and the pineh-cali- 
exhibit moderate correlations 
Both techniques appear 


Nigh dew 


: notably higher 
roentgenogrammetrie single-thiekness me 
sar, Dble-thickness measurements hoth 

Weight (r= 0.58 and 0.48 respectively). 
9 provide equally good indications of body fat. | 
i Analyses of the two distributions show them to be comparable in 
form, As would be expected. both are highly skewed. with a long tail 
(o the tight. The Pearsonian coefficient of skewness (SK) is 0.86 for 
surements, and 0.79 for the pineh-caliper 


1e 


n roontgenogrammetric me 
P aliper measurements are somewhat larger 


Asurements. The ріпећ-ех : 
Median 12.0, mean 13.9) than the x-ray measurements (median 9.3, 


Mear 

ї ЖЫ, 
ted by the Yellow Springs Instrument 
the Laboratory of Physiological 
пз on jaw area 
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a design by 
Dr. Brožek’s recommendatio 


к, used we 

Ton У, йа idi modified from 

апа нен: University of Minnesota. 
essure were followed. 
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Since the pinch-caliper measurements are considered to represent a 
compressed double fold, it is therefore necessary to compare these values 
with twice the uncompressed value as computed from the means. "The 
pinch-caliper values average 63% of the theoretical uncompressed double 
thickness while the median is 65% of the theoretical uncompressed 


40 


50 


20 


PINCH CALIPER VALUES (MM) 


10 20 30 40 
RADIOGRAMMETRIC VALUES (MM) 


roentgeno- 
(ordi- 
the 


FIG. 2. Seattergram showing the relationship between the tele 
grammetrie measurements (abscissa), and the pinch-caliper measurements 
nate) of the lower thoracie fat. For 65 young adult males aged 21-22 years; 
obtained r is 0.88. 5 
double thickness. Corrected for x-ray enlargement (due to divergence 
of rays), the pinch-caliper values thus average approximately 10% ° 
their true uncompressed thickness along the full scale. 

Assuming then, that there is a 30% reduction in thickne 

1 ” H A m- 
compression, the corrected pinch-caliper measurements, and the cor 


ss due to 


ÁÀ‏ د ی سے 
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шии, * 
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puted theoretical double folds closely agree. Apparently the percentage 
reduction is consistent in the range 6-60 mm as shown in table 12 

The closeness of the two distributions is further shown by the high 
degree of correspondence between paired values. The mean difference 
Was 0.2 mm with a standard deviation of 1.1mm. The largest dis- 
crepancy between an observed and “calculated ” double-fold was 3.8mm. 


TABLE 1 


С 
omparison of corrected pinch-caliper values with truc double-fold thickness 


CORRECTED PINCH- 
CALIPER THICKNESSES E 


TRUE DOUBLE-FOL 


CLASS THICKNE 
VAL (MM) No. No. % 
0- 5.0 0 0 0.0 
6-11.9 11 8 13.1 
12-17.9 17 22 36.1 
18-23.0 13 14 23.0 
24-29.0 5 в 131 
30-35.0 9 1 1.6 
36-41.0 0 4 6.6 
42-47.9 1 0 0.0 
2 з 49 
3 4.9 1 1.6 
0 0.0 0 0.0 


d " ; 5 
Roentgenogrammetric values X 2.0, Pinch-caliper values X 1.54 


Medians 18.6 and 18.0 mm respectively. 


DISCUSSION 
It is evident from these findings that the two techniques compared 
E agree surprisingly well, thus confirming Baker's findings which 
relate to leg and arm fat thickness (Baker, 55). In fact, the true 
“orrelation im the present study may be expected to exceed 0.90 or even 
35, since attenuation was not taken into account. Naturally, com- 
Parable degrees of agreement should not be expected for dor sal or ventral 
‘ites (Which are less easily measured on teleroentgenograms) , or pelvic 
"Cons where the subcutaneous tissue is firmly attached to the deep 
ou (cf. Edwards, ^50, p. 260). The lower thoracic site was speci- 
беу selected for study, because it pinched well and x-rayed well 


arn, 256), 
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Clearly, pinch-caliper measurements at this site. where the under- 
lying fat is rather loosely structured. fall short of the calculated true 
or uncompressed double-fold. At 10 grams/mm? pressure, with a 30 mm? 
jaw area, the 300 gram force reduces the double fold approximately 80% 
along the full range of thicknesses encountered. Similar results were 
obtained, using a slightly different pinch-caliper on 20 of the 65 subjects, 
indicating that the exact form of the instrument is not a determining 
variable. 

Practically. then, pinch-calipers may be substituted for radiographs, 
if the lower thoracic section is measured. and if the results are utilized 
on a group basis. Further, pinch-ealiper thicknesses may be corrected 
to uncompressed values, or made comparable to single uncompressed 
thicknesses, by applying the proper constant. Additional studies are 
necessary, however, before these findings can be applied to other fat sites, 
and to other age groups, and especially to grossly obese individuals where 
uncompresed lower thoracic fat thicknesses may exeeed 60 mm, and even 
more. 

SUMMARY 


› . . " Y 

1. Roentgenogrammetrie and pinch-caliper measurements of the fat- 
plus-skin thickness at the lower thoracie region at the mid-axillary line 
were compared. 

9 7 Ж " i 

9. For 65 young adult males, aged 21 and 22 years, the correlation 
between the two sets of measurements was 0.88 | 

3. While the two distributions were of comparable form and degree 
of skewness, the “double skinfolds” averaged 70% of their caleulated 

"ue vi g BET I E ' Же . ы. H p 

true value, indicating 30% reduction due to tissue compression under 
a total force of 300 grams. 


ACKNOWLEDGMENTS 
The authors acknowledge the technical assistance of Dr. Lola Landkof 


and Mary Arginteanu and the advice of Dr. John I. Lacey on the use 
of non-parametric tests. i 


LITERATURE CITED 


Baker, Р. T. 1955 Relationship of Desert Heat Stress to Gross Morphology 
Quartermaster Research and Development Center. Environmental proves 
tion Division, Technical Report EP-7. 


— 


MEASUREMENT ОЁ SUBCUTANEOUS FAT 413 


Brožek, J, AND A. Keys 1950-51 Evaluation of leanness-fatness in шап: а 
survey of methods. Nutrition Abstr. and Rev., 20: 247-256. 
Epwanps, D, A, W. 1050 Observations on the distribution of subcutaneous fat. 
Clin. Sci., 9: 
GARN, S, M. 1054 Fat patternir 
Human Biol., 26: 59-69. 
= 1956 Comparison of piacleealiper and Х-гау measurements of skin 


and fat intercorrelations in the adult male, 


plus subeutaneous fat. Seienee, 124: 178-179. 

GARN, М, M, AND Jo dH Аленка 1953 Sex and age differences in the composi- 
tion of the adult leg, Human Biol, 25: 144-153. 

Krys, А, AND J. BroZex 1953 Body fat in adult man. Physiol, Rev., 33: 245- 


Measurement of Body Fat in Stress Situations, Office 
of the Quartermaster General, Research and Development Division, En- 
vironmental Protection Branch, Report No. 193. 

кыш, B. J. Brožek АХ» К, E. Went, ш. 1953 Subcutaneous fat and age 
changes in body build and body form in women, Am. J, Phys, Anthrop., 


Nes. 11: 577-600. 
Wat KER, H, M. лхо J. Ley 1953 Statistical Inference. 


NEWMAN, R. W 


Henry Holt and Com- 
pany, New York. 


HYPERTROPHIC PYLORIC STENOSIS IN THE 
SOUTH AFRICAN BANTU 


BY JOAN GRIFFITHS 
Pediatric Registrar, University of the Witwatersrand and Baragiwanath Hospital, 
Johannesburg, South Africa 


HE finding of what is believed to be the first reported case of 

hypertrophic pyloric stenosis in a South African (Negro) infant 
raised the question whether an analysis of this condition in Negroes 
might cast light on its etiology. Emotional and environmental factors 
may be significant in the etiology of a condition rare in African as 
compared with American Negroes. 


THE CASE 
A typical case of hypertrophic pyloric stenosis in a one month old 
male Bantu infant was seen in September, 1954. His mother was of 
the Moroleng tribe, his father a Xosa. The diagnosis was confirmed 
at operation. Incidentally, the mother had been much worried through- 
out the pregnancy and post-partum period. 


THE INCIDENCE ОР HYPERTROPHIC PYLORICG STENOSIS 
IN JOHANNESBURG 


Since this is the first reported case in a full blooded Bantu, and 
the disease appears to be so rare among non-white South Africans, ап 
attempt was made to determine its incidence among all races an 
Johannesburg. 

Table 1 shows the incidence of pyloric stenosis among Euro » 
and non-Europeans admitted to hospital. For non-Europeans there - 
few other hospital facilities, and it can be expected that nearly all pe^ 
reach the two hospitals shown. However, for Europeans there fe 
many private nursing homes, and the number of cases shown in table 


peans 


2. 


4 


4 
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TABLE 1 


The incidence pyloric steno. n Johannesburg in 1954 am children 
є of pyloric stenosis in Joha 
g in à g 
h 954 amon h 
in hospital 


NO. OF 
— CASES PER 1 
99 PITAL TOTAL ADMISSIONS CASES ADMISSI E 
— ASE ADI ONS 
Transvaal (European) 
Memorial Hospital 4,029 14 
Baragwanath Non- ' m 
European Hospital 4,922 2 
Coronation Non- g Hn 
European Hospital 2,211 1 0.4 
z 45 


is pr к Їп Sea 
id же. lower than the true incidence among hospitalised European 
hi "n т . . 
ч dren. The number of cases seen in 1954 at the Transvaal Memorial 

Os n T "or H i 1 
E spital was lower than in preceding years: in 1952 there were 17 
"ses and in 1953, 19 cases. 

Th 5 ETS H 
iiis e two cases seen at Baragwanath Hospital were both proved at 
^ ration; one was Bantu and the other of mixed racial origin. Symp- 
oms s sive of i i i 1 
м e suggestive of pylorie stenosis were seldom seen in the 64,000 
ut-pati бы] i : i 

patient visits made to the hospital by children in 1954, The single 
Case seen ¢ i i i i 

e seen at Coronation Hospital was Bantu and was treated medically. 


TABLE 2 


Bi В Р — 
irths and infantile deaths and incidence of pyloric stenosis in Johannesburg 
in 1953-1954 * 


HOSPITAL 
NO. OF CASES OF 
REGISTERED PYLORIC NO. OF NO. OF 
BIRTIIS STENOSIS REGISTERED DEATHS DUE 
JULY 1953 JULY 1953 INFANTILE TO PYLORIC 
TO TO DEATHS STENOSIS 
RACE JUNE 1954 JUNE 1954 1953-1954 1953-1954 
^ "ropean 8,570 11 253 2 
Urafriean 
and Asiatic 9,456 1 104 1 
мш 12,580 1,778 = 


* The period covered by this table differs from that in table 1. 
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This hospital serves more Eurafricans and Asiatic patients than Barag- 
wanath and has previously seen two or three cases of pyloric stenosis 
yearly, but the patients were not pure Bantu. The two Bantu cases for 
1954 were the first ever seen at these Johannesburg hospitals. 

The number of deaths shown in table 2 represent death certificate 
notifications. None of the hospital cases died, so the deaths due to 
pyloric stenosis represent additional cases. This table again demon- 
strates the rarity of pyloric stenosis among the Bantu. 


DISCUSSION 


The incidence of pyloric stenosis in the South African urban Bantu 
appears to be very low. Are cases being missed? It is realised that the 
recorded incidence of pyloric stenosis of infaney rises with the standard 
of medicine practised in the area. In Johannesburg, medical services 
for the Bantu are sufliciently developed to prevent many cases from being 
missed. The city contains a university medical school and three teaching 
hospitals. Baragwanath hospital provides radiological and laboratory 
facilities and has 7 specialist pediatricians in full-time employment. 
It is known that Bantu mothers readily avail themselves of the services 
provided by hospitals and clinies (lligginson ef al., 754) and 54% of 
registered Bantu births attend infant welfare clinics provided by the 
City Health Department, where qualified Health Visitors and Child 
Welfare Medical officers are employed (Griffiths, ^54). 

The incidence of pyloric stenosis in England, according to Davison 
(46) is three cases per 1,000 children born, and in Gotéberg in 
Sweden Wallgren (41) found one case per 250 births. On the basis 
of these figures Bantu cases should number at least 37 to 50. 

In Johannesburg amongst whites the incidence of pyloric stenosis 
is probably similar to Davison’s English figures. The number of cases 
for the year recorded in table 2 js 13, whereas the expected number 
is approximately 25. This is almost certainly due to the fact that 
vases were seen by private practitioners and not admitted to publie 
hospitals especially as in Johannesburg medical rather than surgical 
treatment is favoured among some pediatricians, 

The hospital incidence overseas is very much higher than the Bantu 
hospital incidence, but similar to the city’s European incidence, a8 1 
the Milwaukee Children’s Hospital, where one in 213 admissions had 
pyloric stenosis (Schaefer and Erbes, 48). In Edinburgh, at the Roya 


| 
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Hospital i i = 
spital for Sick Childre > incidence is ev i 
ни k en, the ine idence is even higher than this with 
| ases per 1,000 admissions in 1951 (Nicholson, 753) 
s the low incidence i | Bi istie af ш 
ni Вн nse nee in the Bantu a characteristic of negroid races? 
"Mos арр ш that pyloric stenosis is now more frequent in American 
groes than it used to be. 
War эх meme à Я 
| ИЧ (27?) reviewing the literature, found no cases amongst them 
before 1927 Bakwin i 932 s d 1 a 
ا‎ z. Babwin in 1932 stated that pyloric stenosis was rare in 
"e. es. However, from 1916 to 1936 at the Charity Hospital for New 
leans, 3057 ' TG eases were N f 
| о of 16 cases were Negroes, although this figure was a little 
€ than might have been expected for the number of Negroes 
amongs Ter issi i E 
д igst general admissions to the hospital (Romano and MeFetridge, 
| "à At the Boston City Hospital. of 41 cases submitted to operation 
ПОЕТО Р " > si А T 
een 1949 and 1952, 8 were Negro children (English et al., 54). 
American Negroes do not trace their ancestry to the same part of 
among whom, as previously noted, 


Afric ; 
Nea as those of Johannesburg, 
in other parts of Africa such as 


ote stenosis is rare. However, 
thodesia (Gelfand, 48) and Belgian Congo (Wallgren, 41) the con- 
In Rhodesia Shepherd-Wilson 
ot the first ease which they 


wnt was admitted in October, 


had име and ( пар. published dé ae 
1954 en in an African infant. Their pati 
«and the diagnosis confirmed at operation. 
IT the figures for American Negroes reflect 
the question arises 


Nos a true increase in the 
Meidence of pylorie stenosis as to whether environ- 
Mental factors may be responsible. There is already evidence that 
(banat factors play a part in pyloric stenosis. Powers (753) 
уой the emotional background of pregnant and parturient mothers 

| en at random over а 10 year period. 
yous or tense 


However, 


Ara with pyloric stenosis, chos 
ЧИЙ ound that the majority of the mothers were ner 
Paring the pregnaney and immediate post-partum period. 
MS Survey was small, and apparently without controls. 

_ Sontag (41) stated he had observed a relationship between pre-natal 
Stimulation and some of the early feeding difficulties of infants. He 


“egested that prolonged nervous and emotional 
sai mother might produce an irritable and hyperac 

ous system in the foetus. | 
on individuals who suffered. from hypertrophic 
vd a high incidence of peptie ulcer, 
ersonalities (Bendix and 


disturbances of the 
tive autonomic 


A. Б 
бї ^ follow-up study 
опа aney showe 


stenosis in their infi 
unstable p 


N ative colitis and highly strung. 
“echeles, 4T) 
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Amongst the Bantu the so-called psycho-somatic diseases are rare, 
and possibly this is the reason why hypertrophic pyloric stenosis is seldom 
encountered. 

That the condition is congenital now appears unlikely, and Wallgren 
(46) showed that 5 male neonates who later developed clinical and 
typical radiological signs of pyloric stenosis, had pyloric canals which 
were completely normal radiologically shortly after birth. Pylorie sten- 
osis is extremely rarely found at post-mortem on prematures and still- 
births (Nicholson, 753). 

The work of McKeown, McMahon and Record (dla, °511, °52) has 
shown that post-natal environment is important in the aetiology. A 
great change is taking place in the environment of the South African 
Bantu people. There is a shift to the cities, and here all the strains 
and stresses of Western European Civilisation are found. The standard 
of living is being raised, and education, including university education, 
is becoming available on a rapidly increasing scale. If such environ- 
mental factors are responsible for the appearance of the disease in 
American Negroes, an increase in the incidence of hypertrophic pyloric 
stenosis, at any rate in the urban Bantu population, may be anticipated 
in South Africa. 


SUMMARY 

(1) А case of hypertrophic pyloric stenosis in a South African 
Bantu infant, confirmed at operation and believed to be the first 
recorded is reported. 

(2) Figures for the incidence of this disease in Johannesburg in 
1953-1954 are given, and discussed, and it is concluded that pyloric 
stenosis is extremely rare in the urban Bantu. 

(3) The apparent increase of this disease in the American Negroes 
is mentioned, and it is suggested that environmental and psycho-somatic 
factors may be responsible. 

(4) It is suggested that an increase in the incidence of pyloric 
stenosis may be anticipated in the urban South African Bantu. 
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‘THE INCIDENCE OF SIX ANOMALIES OF THE 
TEETH AND JAWS * 


BY MEYER KLATSKY 


STE anthropological division of the American Museum of Natural 

History, New York, is a repository of large collections of ancient 
and modern skulls suitable for the study of the incidence of dental 
anomalies. I have chosen 25 groups for whom large numbers of suitable 
skulls were available and have examined a total of 8.328 skulls. I have 
investigated six anomalies of the jaws and teeth, namely, torus palatinus, 
torus mandibularis, supernumerary teeth, naturally missing teeth, re- 
duced teeth, and impacted teeth. I duly recorded each one of the above 
anomalies, when found in a skull, and present herewith a general 
summary (tables 1 and 2 


TORUS PALATINUS 

Torus palatinus is an abnormal osseous growth in the midline of 
the hard palate. It may vary in size and form and, while it is non- 
pathologie, it may interfere with the fitting of a denture when sue Ih is 
required. In recording this, as well as the other anomalies, T eliminated 
all indistinct and doubtful cases, confining the count to only well 
pipi structures and abnormalities. I found torus palatinus in 18 

f the 25 groups examined, totalling 182 cases, It has great prev- 
v dm among non-Europeans, but it also silio ts some Europeans. I 
found 24 cases of torus palatinus in the 493 German skulls, 60 cases in 
the 932 Hungarian skulls, and 173 cases jn the 1200 Austrian skulls 
which I examined. 

In reporting on torus palatinus, Berger (7529) stated that “it was 


* Abstracts of this paper were presented before the New York Section of the 
International Association for Dental Research, February 28, 1956 and before the 
25th Annual Meeting of the American Association of Physical Anthropologists 


in Chicago, April 8th, 1956. 
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TABLE 1 
Incidence of jaw and tooth anomalies within groups 
B 
z = 
= E] 
£z 85 БЕ 
ae SE SE 
INE ME 
E z zt 
à ew Britain 0 0° З 25 18 1 
куре 0 2 " 5 
Australin 1 Н 0 E г - 
China 0 0 0 4 
Asin Minor 6 0 0 12 3 
India 0 0 2 16 4 1 
Greece 5 0 0 10 2 1 
Malay Peninsula о 0 0 1 0 0 
Germany °4 ° 2 55 5 10 
Hungary 60 0 3 113 14 14 
Austrian 178 1 5 138 0 23 
Peru 9 2 58 5 11 
Eskimo 21 1 0 39 14 d 
British Columbia ч 1 69 5 2 
Bolivia 46 а 4 94 6 
Me У п 6 5 104 5 28 
Alaska & 
Aleutian Islands 12 8 0 8 5 9 
Washington 22 0 3 14 8 2 
Oregon 7 0 0 6 0 0 
Kentucky 0 0 2 8 8 8 
Utah 17 8 ° 20 0 5 
California 5 1 0 T : Б 
Colorado 1 3 0 1 x - 
Arizona n 12 2 n H "i 
New. Mexico 7 19 8 oP à : 
Тотали й = 8.328 ШИГ 89 41 4 119 B: 


TABLE 2 


Distribution of tooth anomalies 


j SUPERNUMERARIES MISSING REDUCED IMPACTIONS 
% equas. o * 
Central incisors upper 1 0 
Ps 2 1 0 
lower x 5 
* 
Lateral ineisors upper 5 33 18 0 
lower 1 0 9 
Canines upper 0 1 0 г 
lower 0 1 0 1 
ТЫ б 9 
Permolars upper 4 4 \ 0 
lower е 4 30 
Third x x — 571 9 
molars upper i 335 15 48 
lower 
Fourth molars upper 3 M ES = 
lower 3 "E 
eraries. 


* € " . А H 1 
32 in upper incisor region incl 


uding many supernum 
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not clear whether the growth is a developmental anomaly, exostosis, or 


whether it is an osteoma in the oncologic sense." The consensus among 
geneticists is that torus palatinus is an abnormality of hereditary nature. 
Lasker (47) found only one instance of a discordant pair among 13 
pairs of homozygous twins. Пе also suggested that torus palatinis 
resulted from “an autosomal dominant inheritance in some instances” 
(Lasker ?50). 
TORUS MANDIBULARIS 

Torus mandibularis is a bony growth on the lingual surface of the 
lower jaw usually found bilaterally in the premolar region. It may 
vary in size, often extending far into the molar area, and it may also 
be found only unilaterally. Torus mandibularis occurs less frequently 
than torus palatinus. T found this anomaly in only 11 of the examined 
groups, notably the Eskimos. the Aleutian Islanders, and some of the 
American Indian tribes, a total of 89 cases. Weidenreich (°36) called 
attention to the occurrence of this trait in Sinanthropus mandibles. 
While torus mandibularis and torus palatinus may be found in the 
same specimen, in most of the cases they are dissociated and must be 
considered as separate entities. Hrdlička (740) and Hooton (718) sug- 
gested the occurrence of these tori as being caused by the hyperfunctional 
activity of the masticatory apparatus, which is characteristic of many 
non-Europeans, but some geneticists classify torus mandibularis, like 
torus palatinus, among the hereditary abnormalities. 


SUPERNUMERARY TEETIT 

The occurrence of supernumerary teeth was investigated and reported 
by many dentists and anthropologists including Black (709), Bolk 
(14), Stafne (732), and others. Colyer (736) made an extensive study 
of this and other anomalies in the animal kingdom. Reporting on 
supernumerary teeth in the primates, Colyer found 147 extra teeth in 
a total of 11,042 skulls which he examined, giving a percentage of 1.3. 
This is a much higher percentage than most investigators found in the 
human mouth, even exceeding the highest estimate in the human given 
by Stafne (732). Stafne examined 48,550 patients with the use of the 
X-ray, and found 441 cases of one or more supernumerary teeth, an 
incidence of 9.1 per 1,000, or one for every 110 persons. 

I found only 41 supernumerary teeth in a total of 8,328 skulls 
examined. However, this low count may be accounted for by the many 
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broken and edentulous maxillary and mandibular specimens in the 
collection. These, while suitable for the study of other anomalies, proved 
to be inadequate for an exact count of supernumerary teeth. Stafne’s 
results must therefore be accepted as the more conclusive. 

What causes supernumerary teeth? In the past, this phenomenon 
was explained as an indication of atavism, or the recurrence of characters 
of remote ancestors. in conformity with the theory of recapitulation 
which was advanced by Haeckel many years ago (1875), implying that 
phylogeny anticipates ontogeny, and that adult ancestral stages are 
automatically pressed back into the individual development of later 
descendants. This theory has been disproved by de Beer (751) and 
others who have shown that phylogeny is not the cause, but rather the 
result of ontogeny. Abnormal characters first appear in the individual 
as mutations. The muiant genes responsible for such dental anomalies 
as supernumerary teeth, and others, may become fixed, establishing 
themselves in the human race as well as the rest of the animal kingdom. 


The hereditary nature of the above and many other dental anomalies 
Was pointed out by Keeler (785), Lasker (750), and other researchers. 


MISSING TEETH 
The incidence of genetically missing tecth is greater in man than 
in other animals. In making comparisons of missing with supernu- 
merary teeth among the anthropoids, Colyer (36) reported: in the 
gorilla, 4.49% of extra teeth and 0.6% of absent teeth. In the chim- 
Panzee, he found 2.9% of extra teeth as compared with 1.6% of absent 


teeth. In the orang-utan, 6.8% of extra teeth and 2.4% of missing 


j teeth. 
teeth. сі 7% of extra teeth and 3.6% of absent 
ا ا‎ nega an mgs where extra teeth are 


This shows that, with the exception of the gibbon, ED 
Very rare, anthropoids show a small proportion of n bs = 
Numerary ісе. The opposite is the case m man, the prop panka 
naturally missing tecth being far greater than that of superr з 


teeth, 

In my examination 
Broups, a total of 947 
however, to apply the above 
teeth to all mankind. In the final tabu 
Colyer omitted the cases showing absence of Leger lt owi 
their determination is, in many cases, rendered dime 


Possible loss of the teeth from injury? The clinical study of missing 


T found genetically missing teeth in erg 
tecth (see table 1). It would be unscien ifie, 
as the exact statistical proportion of missing 
n lation of his animal studies, 
from his table “аз 
ng to the 
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teeth in the human is not any easier because of the frequent loss of 
teeth due to caries or other causes, making it difficult to distinguish 
between naturally and artificially missing teeth. This acounts for the 
discrepancies encountered in the reports on studies of this nature by 
different investigators. 

The frequency of missing teeth, especially those of third molars and 
upper lateral incisors, in the mouth of man attracted the attention of 
numerous researchers, including Schultz C32). Goldstein (32), lell- 
man (736). Dahlberg (37), Montagu (40). Brekhus ef al. (HD. 
Pedersen. (47), Mandeville C49), Rushton (53). and others. Tt is 
within the realm of the genetically minded medical man and dentist to 


investigate the subject more thoroughly. Ts the phenomenon of naturally 
missing teeth an abnormal trait or a different variation within. the 
range of normality? Is this deviation from the normal tooth formula 
due to a reshuflling of normal genes, or are mutant genes responsible 
for it? The geneticist Stern C49) points out that “the difference 
between normal and abnormal is particularly significant from the point 
s who are interested in 
the inheritance of mental defects; the differences between. normal vari- 
ants concern the anthropologists and those psychologists who investigate 
the normal variability of mankind." 


of view of medical men and those psychologis 


Some geneticists tend to consider absent teeth as variations within 
the limits of normality. For example, in their book, Muman Heredity, 
Neel and Schull (54) are discussing certain variations in organisms 
which may be influenced by both heredity and environment. According 
to these authors variation in the number of bristles in the drosophila 
may be due to such environmental factors as differences in diet or 
temperature, Proceeding to compare variations in the number of 
bristles in flies with variations in the number of teeth in man, they 
make the following statement: * Some individuals lack one or more 
incisor teeth, others lack third molars, and some few develop no teeth 
at all. These are in part inherited but are in part due to the occur- 
renee of certain types of illness or dictary deficiencies at certain periods 
in the development of the tooth.” 

Зу partly attributing tooth absence to environmental factors, the 
authors automatically imply that. this variation belongs more to the 
domain of modifications than of mutations, In differentiating these 
terms. the geneticist Schmalhausen C49) says: “Mutations are always 
new acquisitions of the organism, while тай ЇЙ are merely ? 


Se 


ANOMALIES OF THE TEETH AND JAWS 425 


Dental deficiencies like complete or partial absence of teeth have been 
studied by Brodie ef al. (42). Brekhus ef al. (CH). Grant and Falls 
CHH, Ellis (46). Sealey (46), and others. They all seem to agree 
that anodontia and oligodontia are caused by a detrimental mutant rene 


ng 


superstructure or a new version of the already existing organization." 


for the sex-linked anhidrotie ectodermal dysplasia. Individually m 
nating as 


teeth undoubtedly are also a product of genetic changes ori 


phenotypic expressions of mutant genes. 


REDUCED TEETH 


Reduction in the size of some teeth is also a common. occurrence. 
| gene complex, an 


The teeth and. their development аге controlled by 


nggregate of numerous genes. Some of these presumably give expression 


fo the dental apparatus as a whole, while others control each tooth 
Separately. as every tooth is an independent organie unit. The pattern, 
ape of each tooth are also regulated by different genes and 

It is 


size, and 
Кепе modifiers. Tooth quantity is governed by multiple factors. 
therefore reasonable to believe that when a phenotypic change in the 
size or form of a tooth occurs it must be due to an alteration in one 


Or more of the gene modifiers. as distinguished from those genes which 
"re responsible for the formation of the tooth. 


Some teeth are more susceptible to reduction than others. Dahlberg 
ible and variable teeth. The 


C49). divided the dental formula into к 
lower central incisors. upper lateral incisors, the second premolars, and 
central incisors, up} 


second and third molars are the unstable teeth. They often develop in 
reduced size and abnormal shape. The degree of reduction of these 
teeth may also vary. | 

In examining {е skulls, T only recorded. those cases which showed 
extreme rove inn ie. limiting myself to peg-shaped teeth. T found 
3 total of 129 such teeth in my collection (see tables). Other researchers 
Who included slight abnormalities naturally found much greater numbers 


of reduced. teeth in the human mouth. 


IMPACTED TEETH 
Dental impactions constitute a problem of major practical impor- 
tance to the dentist. Much has been written on the diagnosis, prognosis, 


and surgical removal of unerupted or impaeted teeth, but very little 
is ЙДЕ Шош their etiology. The sparse material published on the 
Sk i GAI 3 ўи h 

causes of dental impaetions is more of a speculative than of strictly 
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seientifie nature. "There is a common belief that the failure of some 
teeth to erupt is characteristic of modern man with his small jaws, 
which do not allow ample space for all the teeth to erupt. But tooth 
impactions do occur in large as well as in small jaws. There is a great 
incidence of this anomaly among ancient and non-European peoples 
with fully developed. compact jaw-bones and teeth. Ancient peoples 
and modern tribes, such as the Egyptians and the American Indians, 
who are known for their well-developed masticatory organs show a high 
incidence of impacted teeth (see fables). The prehistorie Mousterian 
youth had an impacted lower left permanent canine. 

` Elsewhere (753), I have reproduced dental roentgenograms of an 
82 year old woman with both her upper canines impacted, Her jaw- 
bonas are fully developed. She still retains most of her good teeth, 
and large natural spaces between the upper lateral incisors and pre- 
molars that could well accommodate those canines are much in evidence. 
In spite of all this her canines still remain unerupted. 

The nearest approach to the solution of this problem was reported 
two decades ago by Hellman (36). a dental anthropologist. Ile found 
that the occurrence of tooth impaction was generally associated with 
retardation of the growth of the face. Ile coupled third molar impac- 
tions with their absence, linking both phenomena to the process ol 
organic evolution. Пе concluded that “there is a trend in human 
evolution to suppress the third molar teeth, and that this occurs in 
two ways: one is by delaying their eruption indefinitely and the other 
by eliminating them entirely.” Te does not hazard an opinion whether 
tooth impaction is caused by environmental or by hereditary factors, 
but by linking it with the physiological process of growth and develop- 
ment he seems to me automatically to relegate it to the domain of 
heredity. If we are to associate tooth impaction and tooth absence 
with evolution we must necessarily realize that both abnormalities are 
of genetic nature. 

So far, there has been very little evidence published to show the 
true genetic nature of dental impactions. Most experimentation 1n 
geneties has been performed on toothless animals and plants. The 
human being is a poor subject for this kind of experiment. The only 
mention of tooth impaction as being associated with genie abnormality 
is by Snyder (51), who reported: “In cattle, for example, we have 
discovered in our laboratory a recessive gene which is lethal. In the 
homozygous condition it produces calves with an abnormal lower jaw? 
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is эй Е: m" - . 
іп w hich the lower teeth are impacted.” АП indications are that tooth 
mapa tion, like the other dental anomalies discussed above, are the result 
of similar genetic alterations. B 


SUMMARY 


The human teeth and jaws are subject to various anomalies or 
abnormalities of genetic origin. The incidence of six anomalies which 
lend themselves most readily to study by means of skull examination 
Was studied. A total of 8,328 skulls belonging to 25 geographically 
arranged groups were investigated. Torus palatinus was found in 18 
of these groups, both ancient and modern, totalling 482 palates. Torus 
mandibularis was found in 89 mandibles of 11 groups, mostly non- 
Europeans, The occurrence of supernumerary teeth was limited to 14 
groups, totalling 41 teeth. A total of 947 naturally missing teeth, 
mostly third molars, were found among all the 25 groups. Reduced 
teeth were found in 20 groups. totalling 129 teeth. One hundred fifty- 
seven impacted teeth, mostly third molars and canines, were found in 
19 groups, affecting Europeans and non- Europeans. alike. 
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Medical Research: A Midcentury Survey. Edited by ESTHER E. ТАРЕ 
Vol. 1. American Medical Research. xxxii -I- 163 pp. Vol. IL 
Unsolved clinical problems. xxxii 4 140 pp. Little, буд aui 
Co.. Boston, for the American Foundation, New York, 1955. $15.00. 


It is not a mere coincidence that the adjective “fascinating " has 
been used by at least two previous reviewers in their evaluation of this 
publication, For “faseinating " is, in fact. the term that best charac- 
кее this large work. The first volume deals with the principles and 
practice of medical research, and is particularly relevant for students 
of human biology. The introduction. describing why and how the study 
was made, is followed by four sections entitled Medical research in 
perspective of current biological, chemical, physical and mathematical 

ical and 


science, The current trends and current problems in biolog 
medical research in the United States, The research agencies, and 
Clearing results and controlling products of medical researeh, 

information contained in these 700-004 


pages that practically no relevant aspect of broadly conceived medical 
research or of medical education is not covered. Yet the sound basie 
philosophy underlying the presentation of details seems to be still more 


The book develops the thesis that medic 
fundamental problems gen- 


There is such a wealth of 


important. al progress is ihe 
outeome of re 
erally precedes clinical applications. 
fended at this very moment when gener 
growing. Research on 
is not always the 
the persisting needs of therapy. 
even if they appear to be unrelated at 

and will be the surest and 


wareh, and that research on 
It is gratifying that such a thesis 
al interest 


is so authoritatively de 
and financial support for medical research are 
problems with an immediate. “ practical “ арїсаїтоп 


best nor the quickest way to solve 


Research on the basie questions. 
the time to any practical application. 
o foster the progress of m 
Esther E. 
warded by a better under- 
research and 


Is 
most rewarding way t edicine. 
It is to be hoped that the efforts Lape and her staff 
se volumes will be re 
the relationship between basic 
the workers in the field 


devoted to compiling the 


standing of the nature of 
medical progress. It is fully appreciated by 


but it needs wider practitioners. agencies 


recognition among medical 

supporting medical research., and general publie. Application of the 
7 . : 

advances made by medical research to the practical problem of pro- 


430 BOOK REVIEWS 


viding adequate medical care calls for a maintenance of high standards 
of medical education, and the volume offers much food for thought and 
a challenge to medical educators. 

We wish to emphasize here our complete agreement with the opinion 
expressed by Curtis Bok in his foreword to the book that “It is useless 
to discuss the administrative problem of distributing medical care and 
the economic problem of paying for it without reference to the central 
need of having a sufficient number of trained physicians capable of 
providing a type of medical care that can justify elaborate plans for 
distributing it and paying for it” It has been the sad personal experi- 
ence of this reviewer that in some countries the agencies responsible 
for the organization of national programs of medical care seem to have 
paid little attention to its * quality." 

The second volume deals with the present situation of medical research 
regarding nine major “unsolved ” problems: cancer, infertility, arterio- 
sclerosis, hypertension, rheumatic syndromes, tuberculosis, virus diseases, 
alcoholism, and schizophrenia. "The topics are presented in the form of 
critical, constructive reviews of the literature and will be useful to those 
interested in these subjects. 

The American Foundation deserves to be commended for this truly 
magnificent work which will no doubt have profound and long lasting 
influence on the development of medicine in all of its phases. 


" Francisco GRANDE 
University of Minnesota, 
Minneapolis, Minn. 


Duden: lo Demography. sy Morriaer SPIEGELMAN. xxi + 309 
pp. The Society of Actuaries, Chicago, Hl. No price. 


Writen as a textbook for actuarial students, this book will have à 
wide audience among all those who are interested in acquainting them- 
selves with the problems and methods of demography. It is, so to speak, 
a running-mate to Hugh Wolfenden's Population Stalistics and Their 
Compilation, published in 1954 by the University of Chicago Press. 

At the outset, the author provides the historical background. Пе 
tells us that the first enumeration of a population was made in Babylonia 
3,800 В.С. In the second and third chapters he explains the methods 
of collecting census data and vital statisties, and adjustments for errors. 
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Chapters four and five are concerned with measures of mortality and 
the construction of life tables. For intelligent reading of these chapters 
some previous knowledge of actuarial mathematics is required; however, 
the numerical examples used as illutrations ease the reader readily into 
the theoretical considerations. In chapter six the highly complex prob- 
lem of mortality projection is considered. Here, too, previous knowledge 
is needed. This chapter is probably the best part of the entire work. 
In chapter seven Spiegelman deals with the perplexing problems of 


morbidity statisti Chapters eight and nine analyze family formation 


and dissolution, fertility and reproduction. 
The balance of the book comes to grip with census areas, internal 
and international migration (as it affects the United States and Canada) 


and the estimation of their effects. Some 30 pages are devoted to the 


analysis of the working population, including unemployment data. In 
the final chapter methods of population projections and estimates are 
explained and illustrated. There are some 35 pages of valuable references. 
The data referred to by the author are limited mostly to the United 
States and Canada. ‘Those of us who have concerned ourselves with 
research requiring population comparisons in different parts of the 
world would have liked to see a chapter on that subject included. In 
any case, Spiegelman's book will serve as an excellent reference work 
for vital statisties specialists abroad since he has included essentially 
everything that is worthwhile to know about the practices of the United 
States and Canada in this field. 
Ernest Н. KLüEPETAR 

Mutual Service Life Insurance Company, 


St. Paul, Minnesota 


Nature and Actions. Edited by 
‚ and C. N. Н. Lone. 


$12.00. 


The Iypophyseal Growth Hormone: 

Tucuaoxp. W. SMITH, OLIVER П. GAEBLER, anc 

576 pp. MeGraw-1lill Book Co., New York, 1955. 
colloquia, or symposia have come to be increas- 
iged in today's astounding over- 
ports in the standard journals of the world. 
for conducting these symposia must be 
Foundations, UNESCO, the AAAS, 
1{ is to the credit of the 
Edsel Ford Institute for 


Advanced seminars, 
ingly popular with scientific men eng 
production of research re 
Among agencies responsible 
mentioned the Ciba and Macy 
and the so-called Laurentian Conferences. 


staff of the Henry Ford Hospital and the 
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Medical Research that a symposium on the anterior hypophyseal growth 

hormone was conducted approximately a year ago and its deliberations 

published within a bare half year period—a record in promptitude. 
Ever since the indispensability of the hypophysis for bodily growth 


was detected, and the prompt resumption of growth produced by the 


administration of anterior hypophyseal extracts, interest was given the 
central question of whether such reinvoked growth came from multiple 
essential constituents or hormones in the hypophysis or from a single 


specifie substance—the so-called growth hormone. This has led to the 
isolation and purification of the substance designated as growth hormone 


(somatotropin). Preparations of it confer growth but are free of con- 


tamination with other anterior hypophyseal hormones 

A host of unsolved problems as to the intervention of the growth 
hormone in normal and disordered metabolism are painfully evident in 
the present monograph. but this is just what every good survey should 


do. If exploration of the partie ipation of the growth hormone in carbo- 


i 
hydrate and protein metabolism is under wi anika effort as regards 
fat and even water and elec trolyte metabolism has not received adequate 
attention, Specifie metabolic synergisms and antagonisms of the growth 
hormone, « especially its relations with АСТИ. are not adequately treated. 
^ the other hand, the chapters by Frank L. E ngel on. ketogenesis and 

' Honor B. Fell on hormonal effects in tissue are refreshing, and that 
on the comparative physiology of the pituitary by Alfred К. Wilhelmi 
perhaps the most Lips ative contribution in ho book. The * Closing 
Remarks” by C. N. II. Long are themselves an admirable summary. 

In conclusion, it may be said that a great body of scientific informa- 
tion as to the nature of the growth hormone and its participation in 
many phases of metabolism has now been secured and is here recorded. 
The monograph will hence be of inestimable value to research workers 
in this and related fields, 

Herperr M. Evans 
University of California, 
Berkeley, California 


* These results have not hitherto been applicable to cases of undergrowth in 
man, but the reason for this now appears to th 
be sought in the report by Knobil and Greep (An: 


reviewer to be elear and is to 
. Rec, 124: 320. (Feb. 1956) ) 
sed growth in young monkeys by the 
administration of a somatotropie preparation made from monkey pituitaries 
whereas highly purified and potent somatotropin of bovine origin had proven 


of the successful provocation of inere 


jneflicacious. 
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Tug FRENCH BIBLIOGRAPHICAL Dicest. Edited by The Cultural Division of the 
French Embassy. Part I. iii 4 63 pp. Part IL. iii 4 88 pp. French 
Embassy, New York City, 1956, (no price). The Digest is intended as a 


bridge between French scientists and research workers abroad, The intro- 
s of a list of French periodicals, scientific societies 


duetory seetion consi 
and official agencies, and С. Lévi-Strauss’ brief essay on "Anthropology in 


The core of the volume are abstracts of publications 


France Today." 
(1947-1955) in physical anthropology and prehistoric archeology (Part 1) 
and in regional ethnography and archeology (Part II). 

1х Later Lire. Edited by Oscar J. Kaplan. ix + 508 pp. 
›, A collection of 19 essays, 


MENTAL DISORDERS 
Stanford Univ. Pre Я 
first published їп 1945 and now expanded and brought up to date, docu- 

“only through the close collaboration 

sociologists, and psychologists 

ph over these afflictions which 


menting the editor's conviction that ' 
of psychiatrists, statisticians, physiologists, 
can we obtain the fullest measure of trium 
today account for more than a fourth of all first admissions to American 
mental hospitals.” 

By Richard B. Goldschmidt, ix + 181 pp. Univ. of 
ittle, 1956. 50. Delightful essays which grew 
talks on old times in zoology and on outstanding 


PORTRAITS FROM MEMORY. 
Washington Press, № 
out of informal seminar 
zoologists known by the author, 

„Edited by A. A. Roback. xiv +995 pp. Philo- 

$12.00. An outgrowth of the editor's 

History of American Psychology (1952), this collaborative survey consists 

of 5 parts labelled as topical departments (neural funetion, sensation, 

; child, abnormal and social psychology), 

phases (including dynamic and clinical psychology), methods (statistics, 

interdisciplinary approach), and psychological borderlands (including 
estheties, and. psychology of religion). Though uneven 
portrays а large number of facets of psy- 


1-DAY PSYCHOLOGY. 
sophical Library, NewYork, 1955. 


PRESE 


perception, ete.) , branches (such as 


psycholinguisties, 
and incomplete, the volume 
chology's complex present. 
By М. б. Kendall. vii + 1956 рр. Hafner Publ. 


DANK CORRELATION. METHODS. 
| ed edition of the mono- 


A revised and enlarg! 


New York, 1955 $5.50. at mlana 
; saatical а 9 s 
graph on the analysis of ranked data, covering both practical apple 
and the underlying theory. 
ANTHROPOLOGY, PsycnoLogy AND MEDICINE. Ву 


sarc Firms IN BIOLOGY, 
Anthony R. Michaelis. 
1955. $10.00. A unique 
of the appropriate 
dealing with a 
nd to possible new 


xvi + 490 pp- Academie Press, Jne., New York, 


* Handbook " of scientifie 
techniques precedes the 
particular problem. Attention is 
uses of the tech- 


cinematography. A 
А accounts 
critical discussion 
of their usefulness in 
drawn to quantitative 
1500 references. 


evaluation a 


niques. 
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STARLING'S PRINCIPLES or HUMAN Риуѕіогосу. By Charles Lovatt Ev 
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тти. By Walter E. Boek and Jean К. Boek. xviii + 301 pp. 
50. Des 
care personnel to understand human behavior in the framework of cultural 


G. P. Putnam's Sons, New York, 1956. $ gned to aid medical- 


ind social ditfer- 


authropology, Describes the process of acquiring culture 
entiation within the U. S. cultural setting, The social structure of 
lership and of a hospital, the association between social 


community le: 
factors and illness, and the changing seene in medical care are considered. 
ns, ix + 
1233 pp. (721 illustrations), Lea & Febiger, Philadelphia, 1956. 312.50. 
A revision of one of the lending textbooks in physiology, with 

Except for H. Hart- 
ridge's section on special senses, the weighty volume has the distinction of 
being edited by a single hand and mind. 


n brief 
reference to growth and body composition (p. SI: 


FIFTH ANNUAL REPORT on STRESS, Edited by Hans Selye and Gunnar Heuser. 


THE 


815 pp. MD publ, New York, 1056. $20.00, Result of the continued 
efforts to record and s 
5700 publications are considered in the | 
introductory materi 
pathology of str 


hormonal factors. 


stematize the world literature on stress, Some 
sent volume, In addition to the 
| pl 


there are 9 special articles focussed largely on 


al and Selye’s review on “Gener vsiology and 


STRUCTURE AND FUNCTION OF SKIN. Ву William Montagna, 350 pp. 
Academic Press, New York, 1956, 3 


seopic anatomy of the skin, a versatile, heterogeneous organ in which the 
constituent suborgans have their own cycles of growth and activity, Inte- 
grates the findings made in the author's laboratory at Brown University 
with data from the literature. The fatty layer underneath the dermis is 
considered only incidentally. 


TEXTBOOK OF MEDICAL PHYSIOLOGY. By Arthur C, Guyton. xiv + 1030 pp- 


W. B. Saunders Co., Philadelphia, 1956. $13.50. Writen expressly for 
the student, not as a combination of a textbook and a reference work for 
physiologists, it will be welcome by the audience to which it addresses 
itself. 


TRACE ELEMENTS IN HUMAN AND ANIMAL NumRITION, Ву E, J, Underwood. 


430 pp. Academie Press, Ine., New York, 1956. $9.50. The first com- 
prehensive survey of trace elements, including iron, iodine and fluorine, 
from the point of view of their nutritional signilicance to man and domestic 


animals. 


TREATMENT OF THE CHILD IN EMOTIONAL CONFLICT, By Hyman S. Lippman. 


x + 298 pp. McGraw-Hill Book Co. Ine, New Yor 1956, $0.00. 
Deseribes methods applying some features of child analysis to the treat- 
ment that can be offered in a medieally oriented child guidance clinic- 
Stresses “total therapy” which requires the combined services of the 
members of the “psychiatric team, consisting of the caseworker, the 
clinical psychologist, the child psychiatrist, and recently, the group 
therapist. Others may also be involved in the therapy, depending on the 
needs of the child and his parents.” 
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YEARBOOK or ANTHROPOLOGY. 1955. Edited by William L. Thom xv + 
836 pp. Wenner-Gren Foundation for Anthropological Res New 


York, 1955. (mo price). A selective report on major trends and accom- 
plishments in the broad field of anthropology during 1952-1954. Readers 
of this journal may be especially interested in J. S. Huxley's guest editorial 
on “Evolution, cultural and biological " and W. W. Howells’ “ Univer- 


sality and variation in human nature.” 

CURRENT ANTHROPOLOGY: A supplement to Anthropology Today. Edited by 
William L. Thomas, Jr. xii 4 377 pp- The Univ. of Chicago Press, 
Chicago, 19256, $3.50 (paper) and $5.00 (cloth). Part I of the Yearbook 
(see above), reprinted as a separate volume. 

Joser BROZEK 

University of Minnesota, 

Minneapolis, Minesota 
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